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Virtual Teams are becoming an increasingly common work form. The ability to
connect people with required sets of skills, regardless of their location in the world
has been enabled by advances in information technology over the past 20 years.
However, as researchers and practitioners have discovered, this new kind of team
brings with it number of challenges. This thesis aims to examine the challenges and
the opportunities that technology brings to the environment of the Virtual Team and
to give hands on advice to researchers and practitioners in the field. The authors have
taken an interdisciplinary view on Virtual Teams and Collaborative Virtual
Environments. The focus has been on the design of the virtual space as well as early
team building activities that support team formation. An extensive literature review
examines concepts such as the development of trust, team opacity and shared mental
models in respect to the virtual team. In respect to technology, the authors have also
looked into research on the transformation of virtual spaces into places, where
meaningful activities can been carried out.
The authors recommend anyone considering to assemble a Virtual Team to look at
the greater context of the team in respect to the people that will make up the team,
the previous history of the team members, the timeline and lifespan of the team and a
number of other variables. These recommendations are presented in the form of a
framework for understanding the context of the Virtual Team, including its supporting
technologies. In certain cases, the team may benefit from engaging in virtual team
building activities. For these purposes, the authors have investigated technologies
which support interaction in a 3D virtual space where the team member is
represented by a virtual persona, an avatar.
The thesis presents an experimental platform, called Teamlink, for conducting virtual
ice breaking and team building in a 3D environment, developed in increments at
Auckland University of Technology over the past 8 years. Based on the theoretical
findings from the review and on an evaluation of previous research conducted on
Teamlink the authors give recommendations on future work on Teamlink as well as
its suitability as a platform for virtual ice breaking.

Handledare: Tony Clear
Ämnesgranskare: Arnold Pears
Examinator: Anders Jansson
ISSN: 1401-5749, UPTEC IT10 001

Sammanfattning (Summary in Swedish)
Distribuerat arbete blir allt vanligare på dagens arbetsplatser. En ökad globalisering
ställer högre krav på flexibilitet och på att kunna besvara efterfrågan från en allt mer
diversifierad marknad. Samtidigt befinner vi oss i en lågkonjunktur och detta kombinerat
med en ökad miljömedvetenhet leder till en strävan efter minskat resande. Det virtuella
teamet är en arbetsform som är avsett att föra samman människor med kompletterande
och eftersökta kompetenser oavsett var i världen de befinner sig. Med hjälp av
informationsteknologiska hjälpmedel kan de arbeta som ett riktigt team och uppnå
komplexa mål som ställer krav på lagarbete i en kontext som är kostnadseffektiv och som
har liten inverkan på miljön.
I en omfattande litteraturstudie söker vi att identifiera effekterna av och
framgångsfaktorerna för virtuellt lagarbete samt undersöker om begreppen Rum (Space)
och Plats (Place) kan ge nya insikter vid virtuella samarbeten och för design av de verktyg
som används i dessa grupper. Arbetet har även innefattat utveckling och utvärdering av
Teamlink, en experimentell plattform för asynkron teambuilding, utvecklad vid Auckland
University of Technology (AUT) i Auckland på Nya Zeeland. Som del av arbetet har vi
utvärderat Teamlink samt levererat rekommendationer för framtida användande och
utveckling.
Den första delen av arbetet utgörs av en litteraturstudie och den andra delen är en
rapport av det jobb som gjorts på Teamlink vid AUT.
Som sammanfattning av litteraturstudien har vi tagit fram ett ramverk som kan
appliceras vid pågående virtuella samarbeten som hjälp för att diskutera och bedöma i
vilket läge det virtuella teamet befinner sig. Ramverket beskriver ett virtuellt team med
hjälp av sju infallsvinklar enligt sambandet: Människor som jobbar med ett gemensamt Syfte
och som interagerar med hjälp av Mjukvara för att utveckla Länkar. Samarbetet modereras
av Policies och Tid. Syfte, Mjukvara och Länkar bygger upp Lagplatsen som utgör den
delade uppfattningen om dess tre komponenter och hur de ska användas. Ramverket
(Figur 0) för samman idéer från forskning inom organisationsvetenskap, psykologi,
informationssystem, systemdesign, virtuella världar och besläktade forskningsgrenar.
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Figur 0. Det Virtuella Teamet enligt Hamrin & Persson
Arbetet, som har utförts vid AUT i Auckland på Nya Zealand, har utmynnat i en
uppdatering av programvaran som levererats till uppdragsgivaren, rekommendationer för
vidareutveckling och en utvärdering av plattformens mognad för vidare användning.
Resultatet av utvärderingen visar att det finns många alternativ att ersätta Teamlink med
som är bättre lämpade för just teambuilding samt att mycket arbete skulle behövas för att
modernisera Teamlink till ett skick där det verkligen fyller sin funktion.
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Conventions
The aim has been to write this report in a rather informal tone. Thus we are using
the term ”we” when referring to the authors of this thesis. When using ”the authors” we
are referring to work that has been done by others. This differentiation should be obvious
throughout the thesis.
The full name of the experimental software that is described in this thesis is
”TeamLink 3D”. For the sake of flow and making the text easier to read, the software will
simply be referred to as ”Teamlink” (without the quotes).
We are using the 5:th edition of the American Psychological Association (APA)
referencing style.
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Introduction
This thesis originates from the concept of virtual collaborations which gained
momentum in the early nineties. Increasingly organizations are utilizing the advantages that
virtual teams can provide. Many traditional teams are also working in a virtual setting to
some degree. Virtual teams are heralded in literature as fast moving teams that can be
assembled on short notice to serve a specific purpose or solve a specific problem.
Organizations find them useful since they can be composed of people with a desired set
of skills regardless of their location in the world, their time zone and their culture. (Lipnack
& Stamps, 2000) However, as practitioners and researchers have found, there are
challenges associated with working across time, space and cultural dimensions. Not only
does technology need to be suitable to the needs of the team and the organization, the
team must also be allowed to find its own identity and there must be a strong sense of
trust between team members to bridge the dimensional gaps. The technologies used must
not only enable rich means for communication and allow the team to fulfill task
requirements, they must also be intuitive and provide enough freedom for adaption to
allow for a team to make the workspace their own.
These are factors that designers and developers of collaborative virtual environments
need to be highly aware of, and managers need to consider carefully, before venturing into
the world of virtual teams.
The aim of the thesis is to identify what prerequisites there are for a virtual team to
be successful and effective. What activities can be employed early in the life of a virtual
team to build trust and create a shared team identity? With the concepts of “Space” and
“Place” in mind, how should the virtual workspace be designed to accommodate the need
for predictable and salient communication? Are there specific team-building activities that
can be performed in the virtual space that mimic traditional team building? Research on
virtual teams and collaborative virtual spaces is present in several disciplines and this
thesis is a modest aim to try to link concepts from these different disciplines.
We have been given access to an experimental platform for performing team building
activities in a virtual space, called Teamlink, developed through a number of iterations at
Auckland University of Technology in Auckland, New Zealand. This application has been
used as a tool to try out our ideas from the literature review and we have also helped the
client in determining what future development needs to be carried out on the platform.
We begin with a review of the literature surrounding team work, virtual teams,
collaborative virtual environments and virtual spaces. The latter part of the thesis is
dedicated to the work on the Teamlink platform.
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P A R T 1 : R E V I E W O F T H E L I T E R AT U R E
This review is structured to illustrate the evolution from traditional teamwork to
Virtual Teams. We aim to illustrate how teams evolve and what the effects are of working
in a computer-mediated context. Trust, cohesion and related topics are introduced and
discussed in a Virtual Team setting. We also take an extensive look at the socio-cultural
impact of collaborative software. This combined view of looking at both social constructs
and the technology aims to fill a gap that has been identified by Mitchell and Zigurs
(2009) in Information Systems research and by Cuevas, Fiore, Salas and Bowers (2004) in
Virtual Team research.

1.

Approach

The process for carrying out this review started with a keyword search in a number
of databases such as Google Scholar, ACM Portal, IEEE Explore and Web of Science.
Keywords used consisted of permutations of the phrases "Virtual Team", "Team building",
"Space & Place", "Teamwork", "Icebreaking", “Asynchronous Communication”, "Virtual
Collaboration", "Collaborative Virtual Environment" and similar. Through this search a
number of key papers were identified for further scrutiny. In addition to searching for
keywords we have been manually scanning journals, which have proven to be relevant to
the topic, for papers of interest. Further papers have been identified by scanning the
reference lists of papers that we have identified using the first two methods.
The reviews of Virtual Team literature by Martins, Gilson and Maynard (2004) and
Powell, Piccoli and Ives (2004) as well as the work by Lipnack and Stamps (2000) have
been very helpful in identifying areas of interest.
On the topics of Space and Place, the works of Harrison and Dourish (1996)
provided a solid foundation on the topic on which to proceed from, both due to a solid
declaration of the terminology and concepts, but also from the large amount of works
now citing this article. Another piece of work, significant in the Space and Place literature,
is Tuan’s (1977) book from the field of human geography. In our investigation of Virtual
Environments, the criticism of Virtual Reality for group work by Pekkola (2002) provided
many insights to build upon.
The inclusion of articles has been decided based on their relevance to the topic, the
quality of the research and by the way they bring new ideas and challenge existing
knowledge in the field.
We have not limited ourselves to one discipline, however we have made some
conscious decisions to limit the scope and to maintain focus. Defining the meaning of
virtual, virtuality and virtualization is a complex issue with roots in many different disciplines
and it is not our intention to define the meaning of the word virtual in this review.
Neither will we explore the added difficulties introduced due to a dispersion in the
cultural dimension. We recognize that this is a particular challenge in many Virtual Teams
and one that we have experienced ourselves. However, in order to limit the scope, we
have consciously selected not to examine research in that field.
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2.

Team Research

We begin the review by looking at the team - the group of people who will be
working together. As we will see, a team is different from just any grouping of individuals.
Teams are limited in the number of individuals of which they can comprise, as well as
what operational liberties they have. We will see what differentiates a team from a group
and how that distinction is relevant to our work.
2.1. Traditional Teams
The use of teams in the workplace has become increasingly common. A survey of 80
random organizations within the Product Development and Management Association
(PDMA) in the U.S indicates that approximately one half of organizations use teams of
one type or another, where ongoing project teams are the most common type (Devine,
Clayton, Philips, Dunford, & Melner, 1999). Teams are found to be suitable for complex
tasks where the workload can be divided into subtasks for which individual members can
contribute with their special knowledge (see figure 1). Members in teams are also able to
monitor the work behavior of their colleagues (Mathieu, Goodwin, Heffner, Salas, &
Cannon-Bowers, 2000).
Emergence of Teams in organizations
Difficulties in
completing
work
independently

Increased
complexity
of tasks
leads to

Team
approach to
work
solved by

Figure 1. Emergence of Teams in organizations
While the word is being used to describe many groupings of people, we need to
settle for a definition that truly characterizes a team and separates it from just any
constellation of people:
A team is a collection of individuals who are interdependent in their tasks,
who share responsibility for outcomes, who see themselves and are seen
by others as an intact social entity embedded in one or more larger social
systems, and who manage their relationship across organizational
boundaries.
(Cohen & Bailey, 1997, p. 241)
The question of what separates a team from a group is often brought up in literature
and while the difference might seem negligible, Katzenbach and Smith states:
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A working group relies primarily on the individual contributions of its
members for group performance, whereas a team strives for a magnified
impact that is incremental to what its members could achieve in their
individual roles.
(Katzenbach & Smith, 1993, p. 88)
The team as we see it is thus a grouping of individuals that may span organizational
borders, that depend on one another and that have a certain degree of freedom in their
operations. Members of the team complement each other in their skill set and share the
responsibility for the quality of the outcome of the group’s work. Teams may span
organizational boundaries which implies that members may be under varying forms of
management and supervision. The distinction between a group and a team is clear - the
team outcomes are to be greater than the sum of its parts.
To illustrate the complexity of the task, which is related to the team purpose, take
office supply and multi-national conglomerate company 3M as an example. 3M has stated
a goal that half of their yearly revenues should be produced by products invented and
introduced in the past five years (Katzenbach & Smith, 1993). This kind of goal requires
dedicated teams with a wide set of skills and knowledge of the organization. Fulfilling the
purpose is something that no individuals by themselves could accomplish in a working
group - it is something which requires a team effort. The goal is also boldly stated and is
something that is both challenging and engaging. We argue that the formulation of these
kinds of goals call for the magnified impact that only a real team can provide.
The number of members that can make up a team varies in literature. Teams can be
as small as only two people and as large as twenty people. Some authors even consider
teams of up to 50-100 people as one team (Lane & Ågerfalk, 2009). These articles are
somewhat lacking in the discussion regarding the way they use the word ”team”, which
makes it harder to determine the degrees of interdependence and self-governance that is
present in those groups.
Ågerfalk and Lane base their view on a ”Packaged Team” described by Carmel and
Sawyer (1998) where they consider teams to be a group of at least two people, but they
place no upper bound on the number of members . There may be groupings within those
larger teams that in themselves constitute a ”team within the team” although whether this
is the case, we do not know. However, the preferred number of team members is
proposed to be between six and eight people (Edwards & Wilson, 2004; Godar & Ferris,
2004).
Larger groups of people may be powerful but they cannot be considered to be
proper teams according to Katzenbach and Smith (1993). The reason for this is that they
will find considerable challenges in developing a common purpose and goals. It is also
unlikely that a feeling of mutual accountability, essential for a real team, can be established
in these extended teams. Just assuming the responsibility for the performance of a single
other person, or letting that person assume responsibility for our performance is hard
enough. Gathering a large number of people for a team meeting also brings logistical
challenges and the environment is prone to herd behaviors which ”prevent the intense
sharing of viewpoints needed to build a team” (Katzenbach & Smith, 1993, p. 46). These
teams may still find that the working environment improves by adopting values associated
5

with teamwork but they are very unlikely to function as a real team. Larger teams also
suffer from ”more dramatic communication difficulties” (DeSanctis & Gallupe, 1989) as
frequency, duration and intimacy of communication decline.
The team basics triangle below by Katzenbach and Smith (see figure 2) illustrates the
essence of teamwork. The vertices illustrate the team deliverables and the internals
indicate the elements of teamwork which contribute to those deliverables.
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Figure 2. The basics of a team (Katzenbach & Smith, 1993)

As we have turned our eyes to literature on Virtual Teams, we see a general tendency
to ignore a discussion on the ”Team” part of Virtual Team. We argue that the translation of
the team into the virtual realm have caused a dilution of the word. We consider this to be
relevant since much literature on Team Building (which we will address in chapter 4.4) is
aimed at producing high performance teams. We will return to this notion later in the
thesis.
Next we will look at how a team is formed and developed. We will introduce some
theoretical frameworks that can be used to determine the state of a team and to
understand the process a team goes through during its formation.
2.2. Team Formation and Development
Plenty of research in early group development and team formation present models
of team development as highly sequential process. Tuckmans (1965) theory of small-group
development (”forming”, ”storming”, ”norming” and ”performing” and later extended to
include ”adjourning” (Tuckman & Jensen, 1977)) first presented in 1965 has been joined
by about a hundred other models on group development. Chang, Duck and Bordia (2006)
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made an effort in trying to bring these models together and to try and ”unravel the black
box of group development” (Chang, et al., 2006, p. 347). The number of models on the
subject is likely a symptom of the complexities of group dynamics. We would argue that it
is difficult to determine which state a group may be in at any given time. This is particularly
true in Virtual Teams where effects of dispersion may cause team members to perceive
things very differently. There may however be valuable knowledge to gain from looking
into the early stages of these models for guidance on facilitation of early group activities.
TIP-theory (Time, Interaction and Performance) is a reaction to the sequential view
of group development that is seen in traditional models such as Tuckmans (McGrath,
1991). It proposes that a group is involved in modes of activity that are related to one of
three functions; production, well-being and member support. Four modes of activity;
inception, problem solving, conflict resolution and execution are performed in these
functions, creating a 4 by 3 matrix of activities (see figure 3). The authors state that while
most groups have an inception phase and an execution phase (Mode I and IV), the path
between those modes can look different. The group can indeed traverse different paths,
going through different modes of activity in each of the separate functions. This is a more
flexible model to apply to group research since it does not make any assumptions on
what phase has preceded the current group phase nor does it tell what phase is to follow.
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Figure 3. Modes and Functions of TIP-Theory (McGrath, 1991)
TIP-theory also emphasizes that team performance depends on a number of factors:
group, task and situation, in interaction with technology. The need for a complex theory to
explain group behavior is motivated by:
At any given time, any given natural group is likely to be engaged in more
than one project, and to be pursuing each of those projects by means of
some sequence of modes of activity with respect to each of three
functions.
(McGrath & Hollingshead, 1994, p. 71)
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Add to this the probability that individual group members might be involved in more
than one team at any one time and the equation becomes even more complex.
2.3. Virtual Teams
Research indicates that a growing number of organizations are implementing, or plan
to implement, virtual teams in the near future (Lipnack & Stamps, 2000; McDonough,
Kahn, & Barczak, 2001). Organizations introduce them for a wide variety of reasons. They
offer the ability to counter the requirements and expectations of a global market (see
figure 4) and the ability to bring together people with unique competences that are
separated by physical distance (Millward & Kyriakidou, 2004). Their increased popularity
has been made possible by advancements in information technology over the past
decades.

Emergence of Virtual Teams in organizations
Increased
demand of
diverse skill
sets

Globalization
leads to

Virtual Teams
met by

Figure 4. Emergence of Virtual Teams in Organizations
For a long time, Virtual Teams have been contrasted to their traditional counterpart the team whose members are co-located and can meet face-to-face. When the virtual
team is seen in an organizational context, earlier definitions are inadequate since they
consider a team to be either virtual or not virtual. As Martins, Gibson and Maynard
(2004) have found, more recent definitions have focused on trying to determine the
degree to which a team is virtual. That means that even though many teams may meet
face-to-face, they still use computer mediated communication to carry out portions of
their work. It is reasonable to argue that the bulk of research on virtual teams would still
apply to these teams which make the area more relevant. However, the counter-argument
is that these groups may not view themselves as real teams and may not fulfill the basic
definition of a team. We will discuss the implications of varying degrees of ”teamness”
later in the review.
Members of a team that are located on different floors within the same building
might not consider themselves as a Virtual Team but they may actually be suffering from
some of the implications of working in a computer mediated environment. Lipnack and
Stamps build on the findings of MIT Professor Tom Allen from the late seventies that,
”based on proximity, people are not likely to collaborate very often if they are more than
50 feet apart” (Lipnack & Stamps, 2000, p.20). Considering the size and layout of offices
these days, having people working in multiple teams across the organization will likely
cause a nightmare when it comes to organizing the office layout if the team members are
to benefit from the advantages of being in close proximity to one another.
The definition we would like to use should include teams that, even though they may
not consider themselves as virtual, work under the same circumstances as the teams that
have come to this realization. Thus, we are quite happy with the definition of a virtual
team that follows:
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[Virtual Teams are] teams whose members use technology to varying
degrees in working across locational, temporal, and relational boundaries to
accomplish an interdependent task.
(Martins, et al., 2004, p. 808)
Virtual Teams may be set up as temporary teams to solve specific problems or they
may be ongoing, serving a continuous purpose in the organization (Chase, 1999; Lipnack &
Stamps, 2000; Mansour-Cole, 2001). Team members may enter or leave the team during
its lifetime which contributes to their dynamic nature..
The limitations that the mediating technologies impose on the work of the Virtual
Team have been the subject of much research. Table 1 presents a summary of what
technologies have been used in prominent papers of Virtual Team research.
Table 1.
Technologies used in prominent Virtual Team research
Authors, year

Collaborative Technologies used

Jarvenpaa, Knoll & Leidner, 1998

Email, web-based chat rooms

Warkentin, Sayeed & Hightower,
1997

Asynchronous web-based bulletin board (Meeting
Web™)

Pauleen & Yoong, 2001

Telephone, email, instant messaging (ICQ), video
conferencing (Microsoft Netmeeting)

Piccoli, Powell & Ives, 2004

Email, synchronous and asynchronous online
discussion facilities, shared server space

As we can see, these early studies - on which much recent literature on Virtual Teams
is based, have been using what can today be deemed as ”old” technologies. In recent
years, the development of Collaborative Virtual Environments (CVEs) have been partly
motivated by the need to provide richer means for collaboration. We will look into the
evolution and features of CVEs in chapter 3.
Technology affects the way we communicate. It limits the transmission of social and
para-linguistic cues that are present in face-to-face communication. In the next section we
look at how this affects the Virtual Team.
2.4. Effects of Virtual Teamwork
Working in a technologically mediated environment brings a unique set of challenges
which, if not carefully dealt with, may affect both individual and team performance. As the
context of information is less obvious, emotional and social cues are diminished. We argue
that being a member of a poorly functioning Virtual Team is a very conscious experience,
one which we have experienced first hand. This feeling or experience can be called ”team
opacity” and is defined as:
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Team Opacity describes the experience of increased ambiguity and
artificiality (i.e., the unnatural quality) associated with interaction in
distributed environments. This decreased awareness of team members'
actions, resulting from the distributed organizational structure, creates an
environment lacking the rich visual, auditory and social array of cues
normally experienced in collocated team member interaction, potentially
altering the team processes that lead to workspace awareness, social
presence and other related constructs.
(Cuevas, et al., 2004, p. 3)
Team Opacity may have negative consequences to the team cohesiveness, trust and
team efficacy (these concepts are introduced in chapter 4.2). Team opacity is one of the
main factors influencing what is known as ”process loss”, the reduction in individual
productivity experienced, as individuals join together to form teams (Cuevas, et al., 2004).
As we have seen in literature, team opacity affects many aspects of teamwork in that it
limits the transfer of social and paralinguistic cues that appear frequent in face-to-face
communication.
Effects of dispersion within time, space and sociocultural dimensions frequently
appear in the literature. Ågerfalk et. al. recently introduced a framework (see figure 5) that
outlines the implications of these areas from a perspective of communication,
coordination and control (Lane & Ågerfalk, 2009).
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Control

Dimension

Time zone effectiveness can be
utilized for gaining efficient 24x7
working. Management of project
artifacts may be subject to delays.

Difficult to convey vision and
strategy. Communication channels
often leave an audit trail, but can be
threatened at key times.

Perceive threat from training lowcost "rivals". Different perceptions of
authority/hierarchy can undermine
morale. Managers must adapt to
local regulations.

Process Temporal Distance

Figure 5. A framework for GSD issues (Lane & Ågerfalk, 2009)
The framework has been developed based on experiences in global software
development projects. The framework may, in combination with an awareness of the
effects of team opacity, help prepare Virtual Teams for what challenges are to come. We
generally believe that an increased awareness about how virtual collaborations affect team
work will be useful for both team members and facilitators or managers.
The effects of Virtual Teamwork have been identified by research during the last
decades using, as we’ve seen in table 1, what can be deemed to be ”old” technologies. As
we’ve hinted towards, Collaborative Virtual Environments offer a new kind of working
10

environment for distributed work which may or may not reduce the effects that we have
described above. To understand how CVEs have emerged and how they have been used
we will, in the next chapter, turn our focus towards virtual environments.
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3.

Virtual Environments

3.1. Collaborative Virtual Environments
Collaborative Virtual Environments (CVEs) are applications which offers support for
collaborations within 3D environments. A definition of CVEs by Churchill and Snowdon:
CVEs are distributed virtual reality systems that offer graphically realized,
potentially infinite, digital landscapes. Within these landscapes, individuals
can share information through interaction with each other and through
individual and collaborative interaction with data representations
(Churchill & Snowdon, 1998, p. 3)
We adopt this definition because of its open nature but for the context of this
literature review we add an additional constraint to try to reduce the technology focus.
We add that CVEs are defined as running on desktop computers rather than with more
sophisticated technology support such as head mounted displays, full body immersion in
physical spaces or on mobile devices.
A subset of the CVE-concept are Virtual Worlds, which is often defined as a more
general theme, open for wider use, while CVEs may be more task-centered and confined
to a work environment. This is not a clear boundary but articles tend to use the term
Virtual World when referring to persistent environments like those of massive multiplayer
games rather than environments that are often session-centric. An example of a sessioncentric virtual environment could be a 3D meeting environment where the environment
only exists from the start of the meeting, the session, until the meeting is concluded and
the session is terminated. There is no persistence in a session-centric CVE so all objects
would cease to exist once the session is over.If we compare this to a meeting
environment in a virtual world the meeting room would exist even if there was no
meeting going on and objects such as notes taken could be left in the room and they
would stay there for another meeting or for later review. The persistence property is not
bound to virtual world technology but is also available in other groupware such as Adobe
Connect, Macromedia Breeze and similar. These applications provide options to make
meetings persist, allowing access to chat logs, comments and other artifacts available for
later review and revisitation.
It was the idea about the possibility to interact in a computer generated
environment, in the same way we do in our physical environment, which constituted the
birth of the early CVEs and provided inspiration for research as well as science fiction
novels such as ”Snow crash” (Stephenson, 1992) and ”Neuromancer” (W. Gibson, 1984)
among others.
A system that exists within the boundaries of the virtual world is said to be in-world,
to signify the bond between the virtual environment and the system. Most virtual worlds
have means for in-world communications, both synchronous, often text chat, and
asynchronous email like systems. The self-centricity of CVE systems is a criticized
characteristic which is demoting its use (Pekkola, 2002). The problem of self-centricity will
be further described in the criticism and problems section (chapter 3.4).
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The exploration of CVEs can still be considered a young field and consequently it has
changed much over the last 20 years. The research has evolved from being primarily
driven by technology engineering, working towards finding new ways to implement and
do things with CVEs, towards being more focused on social engineering and investigating
how we work with the new technology and how it affects us (Jäkälä & Pekkola, 2007). We
argue that now technology has partly become a focus factor again, due to the rapid
technology development providing new possibilities in branches such as augmented reality
and mobile computing.
3.2. Metaphors and Abstractions
One of the most prominent features of Collaborative Virtual Environments (CVEs) is
the way they can be used to mimic the real world and the affordances and mechanisms
that are associated with it. An example of this would be to handle asynchronous
communication by leaving notes, or collaborating using virtual blackboards (Frécon &
Nöu, 1998). In such an environment, users could leave a note to another user who may
be offline or unavailable for him or her to read later. When these affordances travel from
the physical world into the virtual realm, they may render the CVE more inherently easy
to use. However, interacting in an environment with natural metaphors by the means of
input and output devices available at desktop computers may not allow for the same
freedom of movement and interaction as their real world counterparts (Bessière, Ellis, &
Kellogg, 2009). This is unavoidable since there is always going to be some level of
abstraction when interacting in a virtual environment. Benford and Fahlén (1993)
suggested a framework for resource and conversation management in CVEs that build
upon the idea of spatial proximity's between actors within the virtual world.
Some CVEs are used to simulate reality to provide training for real situations. One of
these environments is NPSNET which is used to prepare soldiers for situations which
they may encounter in the real world (Zyda, Pratt, Monahan, & Wilson, 1992). NPSNET is
different from most other CVEs covered in this review since it is not hosted on a desktop
computer. The person in training is either using an omnidirectional treadmill or controlling
a simulated vehicle, surrounded by monitors displaying the simulated scenario.
By diverging from some of the constraints of the real world, such as gravity and time,
a virtual environment can escape the boundaries of the real world and allow users to use
flight and teleportation as a means of transportation. In addition, the interface of a CVE
can mix 2D and 3D elements to best accommodate the a task at hand (figure 6. The
dotted square marks a 2D element used for manipulating 3D objects, in this case the note
stuck on the blackboard nearby).
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Figure 6. 2D dialog for leaving notes in a 3D environment
In the literature there are very few examples of virtual environments that diverge
from real-time. Real-time interactivity provide opportunity for the important face-to-face,
or rather, embodiment-to-embodiment meetings and other synchronous activities.
Although time is often bent and shaped to fit the environment it is set in, such as in games
featuring day and night cycles in different intervals to create a feeling of a living world.
Providing support for asynchronous events in a synchronous environment is commonly
accomplished through real world metaphors for similar actions such as in-world mail
systems, shared documents on which users can see what other users has contributed with
or whiteboards and note boards.
Examples of strictly asynchronous virtual environments are few in literature. This may
be because there can be no real-time use in asynchronous virtual environments, so for
example live communication cannot be done, but there is often support for asynchronous
activity in real-time environment as mentioned earlier. While considering other non-3D
technology used to support collaborations it is often possible to find sequencing or
change tracking, to allow users to follow each step leading up to the current state of the
document or artifact in focus. One form of collaborative change tracking that is widely
used is source code control such as CVS (http://www.nongnu.org/cvs/) or SVN (http://
subversion.tigris.org/). Another example of such systems, which is not a CVE, using
sequencing is the Google Wave project (http://wave.google.com). The most highlighted
feature of Google Wave is the way it supports real-time collaboration, but its sequencing
capabilities are also described as a potential way to enhance trust in the collaborative
environment ("Google Wave introduction video,").
As for using more exotic environments, which is possible within CVEs, some evidence
suggests that they can be used successfully:
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One experienced user [of Second Life] tested this by holding two different
meetings: one in a typical boardroom with the requisite chairs and table,
and another in an apple tree. When asked which meeting was more
successful, she responded "Well, the apple tree" as if it had been obvious all
along.
(Bessière, et al., 2009, p. 2890)
Another common metaphor in CVEs is the use of some form of embodiment or a
virtual persona, which will be covered in depth in the next section.
3.3. Avatars
“Avatar” or “Embodiment” are becoming well known terms in the virtual
environment glossary. They describe the representation of a user in a virtual environment.
To successfully make use of virtual environments we must also look a little closer at some
of the aspects that this abstraction brings.
Since the avatar represents oneself, it will be the extension and representation of our
identity when working in a virtual environment. The ability to customize the appearance of
the avatar exist in most virtual environments. One study focusing on how the avatars
were customized in the virtual world Second Life (http://www.secondlife.com) identified
four different patterns of identity and appearances namely: ”Realistics”, ”Ideals” ,
”Fantasies” and ”Roleplayers”. Users that fit the Realistic and Ideals patterns were trying to
replicate, or slightly enhance, their virtual appearance while keeping their real life identity.
The users matching the Fantasies and Roleplayer patterns were instead focused on
separating the in-world identity from their real personas (Neustaedter & Fedorovskaya,
2009).
In the same study, demands on the customization tools can be found. It was found
that users matching the Realistics and Ideals patterns, not surprisingly, wanted a more
powerful way to create realistic looking avatars (Neustaedter & Fedorovskaya, 2009). Even
though a highly customizable avatar system is desirable, one study showed that the hair of
an avatar is an important feature for customization. This may be caused by several
reasons, one is that it “sits on top” of the avatar and thus is often most visible, even in
crowded situations. Another reason may be that hair is one of the features of our real
bodies that is frequently used to express identity (Ducheneaut, Wen, Yee, & Wadley, 2009).
Except for being representative of the users identity, avatars often provide means for
visual cues such as smiling or waving and for conveying emotions. Other uses are to
convey what a user is doing by for example standing close to objects with which a user is
interacting. This makes it possible to get an idea of what other users are doing. Providing
this kind of direct awareness of what others are doing are one of the benefits of using a
CVE (Benford, Greenhalgh, Rodden, & Pycock, 2001).
3.4. Criticism Against, and Problems with Collaborative Virtual Environments
Virtual Environments has also been the object of scrutiny, even thought they have a
clear purpose in specific situations where 3D objects are the main area of interest. In the
literature there are some concerned voices that the use of CVEs are not suitable for
group work. The criticism brought up are: Self-centricity; lack of benefits from the shared
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sense of space provided; No additional value for communication for a 3D environment
and that sharing resources within a CVE does in many cases mean a more cumbersome
process (Pekkola, 2002).
The issue of virtual environment self-centricity, the fact that users are forced to enter
the virtual environment even if their current task does not benefit from a 3D interface is
considered by Pekkola (2002) as one of the main issues of CVEs. The problem can in
some ways be circumvented by adding richness to the virtual environment by
implementing in-world tools or integrating existing tools. Also when collaborating with
documents the self-centeredness comes into play since the document is changed in-world
it must be first imported and possibly converted to a format in which the CVE can display
it and then exported. We agree with that CVE self-centricity is a severe issue for
collaborative work being carried out. An example of this being done is in the Teleplace,
where tools such as .pdf-viewers and document editing is incorporated in-world. But from
our own experiences we can tell that there is a noticeable difference when using pdfviewer locally and when viewing the pdf via the CVE. figure 7 provides a screenshot of
viewing two pdf ’s next to each other in Teleplace.

Figure 7. A view showing two documents in Teleplace
The second point, that the shared sense of space does not provide any real benefits,
but the shared sense of place does. We will in the next chapter look more into what
space and place are but here it suffice to say that place is the understanding of how to act
in an environment. It is not the space provided by the CVE that is important. The criticism
that it does not provide added value for communication is one point that we do not
agree with. The fact that large companies such as Sun Micro Systems, Cisco and IBM are all
taking high interest and use of virtual worlds for the communication benefits prove this
point to be false ("Cisco virtual worlds Blog; MPK 20, Sun Virtual World; Virtual worlds
come to life at IBM "). We do however give the fourth point merit, and agrees that unless
the artifact of work is something that is appropriately displayed in 3D, the interface can be
a burden.
Another point of criticism is the high risk of confusion about the purpose of the CVE
is if the environment is designed in a way that does not make complete sense to its users:
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In many cases, CVEs intended to play a certain role (e.g. a meeting place)
do not always do so due to inadequate design or various social factors.
(Prasolova-Førland, 2008, p. 186)
This problem can also be attributed to the confusing space design of the CVE where
it failed to evoke the anticipated place. We look closer at space and place later in chapter
3.6.
In a very recent article, summarizing the findings of three studies on teams using
Second Life, five main potential obstacles for the use of virtual worlds in businesses were
identified:
• Motivation - Some may chose not to participate in the activities, reasoning that it is
playing rather than working, waste of time or due to fear of upsetting management for
the previous reasons. Other reasons to avoid participation was fear of not being able to
use the technology. Many of the participants that did join in the activities were often
familiar with using Second Life or generally interested in virtual worlds.
• Technical Difficulties - Another prevalent concern is for users not being able to
connect to the virtual world or who may experience lags or delays when connected.
• Becoming a Competent Virtual Person - The interaction in a virtual world is not as
easy as its resemblance to the real world may sometimes suggest. These similarities may
even act as a limitation since sometimes the virtual model of an object may hint at
certain ways to interact with the object which may not be implemented.
• Interacting with others - This is closely related to the previous point, interacting with
others inside the virtual world can also breed confusion when it comes to interface and
structure. There is also the issue of community, and norming processes that take place
within the Virtual World.
• Finding compelling activities - This relates to the important fact that we need to find
suitable activities to carry out in the environment.
(Bessière, et al., 2009)
The last point, “Finding compelling activities”, have in other works been limited to
either games (Bessière, et al., 2009; Dabbish, 2008) or storytelling (Thorpe, 2009 Submitted for examination). However looking outside of research, we see an increased
interest over the last couple of years in the use of virtual worlds.
3.5. A Brief Look at Virtual Worlds
The number of virtual worlds continue to grow, especially if taking Massive
Multiplayer Online Games(MMOG) into account (Woodcock), and interest in them
increase, both for leisure and for business. One of the signs indicating that virtual worlds
are here to stay is a recent report from Gartner, a well known information technology
research and advisory firm, providing guidelines for the use of avatars in enterprises
("Gartner Says Enterprises Must Get Control of Their Avatars,"). Below follows some
examples of virtual worlds and toolkits for implementing them.
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Second Life - Second Life (http://www.secondlife.com) was released in 2003 by
Linden Labs, and has attracted much publicity both within research and within many
organization. Embassies, corporations and educational institutions have begun to create a
virtual presence for themselves in Second Life. There are a number of research projects
undertaken in Second Life amongst other the Second Life Education New Zealand
project (SLENZ) (http://slenz.wordpress.com).
• Teleplace - Teleplace (http://www.teleplace.com) is a CVE developed for use in
professional settings (figure 8). The interface very similar to Second Life. It has built-in
support for whiteboards, notepads, video and audio sharing amongst other features.

Figure 8. Quickly configured space in Teleplace
• OpenCroquet - OpenCroquet (http://www.opencroquet.org/) is an open source
development kit for creating virtual worlds. Teleplace is based on the OpenCroquet kit.
• OpenSimulator - OpenSimulator (http://opensimulator.org/) is an open source 3D
applications and virtual environments server. After Linden Labs released the Second Life
client as open source software, the Second Life server has been backwards engineered
and extended upon. One benefit of OpenSimulator is that it is compatible with the
Second Life client.
• Project Wonderland - An open source virtual world toolkit developed at Sun Micro
Systems (https://lg3d-wonderland.dev.java.net/). Is used by Sun in their virtual building
MPK20 to allow distributed workers a place to connect with their colleagues ("MPK 20,
Sun Virtual World,").
These are just some examples of the tools and platforms available in terms of virtual
worlds. If we consider that CVEs and virtual worlds provide a space to interact in, we
must look a closer at how to utilize and design those spaces in a good way. In the next
section the concept of place and space are explained and explored to do just that.
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3.6. Spaces versus Places
In 1996 Harrison and Dourish published a now well cited article stating that it is not
enough to focus on designing the geometrical and spatial aspects of collaborative
environments for them to be useful. The focus should instead be on the design of places
(Harrison & Dourish, 1996). The differentiation between space and place is originally
inherited from the domains of architecture and human geography (Tuan, 1977) with
several works conveying the difference. An example of this phenomena was observed by
Jill Stoner (1991) while visiting the small town of Montisi in Tuscany, Italy. There she
observed how the narrow streets of the city were used for many different activities,
ranging from being used as a dining hall for large parties to being used as a mechanics
workshop (figure 9). This illustrate that the same Space can be used as different Places.

Figure 9. Streets of Montisi in use as different places. (Stoner, 1991)
Harrison and Dourish defined place as the “frame of appropriate behavior” and
claimed that actions are performed in place rather than in space . The relationship
between place and space is articulated as follows:
Space is the opportunity; Place is the understood reality
(Harrison & Dourish, 1996)
In the Harrison and Dourish (1996) also introduce complex forms of place, namely
hybrid and spaceless places. A hybrid place is one that is shared over both a virtual and
physical space, such as offices that are permanently connected via video links or
augmented reality settings. A spaceless place is a place where a clear notion of
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“appropriate behavior” exists and people act accordingly but which lacks a physical space
such as information spaces like those of web forums or USENET groups.
A different approach to place and space is presented by Chalmers (2001) who
considers the physical aspects of the real world as any other media and that space is the
mix of multiple media, like symbols in a language, with different affordances and that place
is how the media is used. In this context, the relationship between space and place still
holds but the concepts of hybrid and spaceless places are overthrown due to the
assumption that physical media is not to be regarded differently than any other media. The
following analogy is made by Chalmers:
"Space is the opportunity; place is the understood reality" now can be seen
in the same way that a pattern of sound waves can be a word, a curve of
ink can form a letter, [...]
(Chalmers, 2001, p. 39)
Ciolfi and Bannon (2005) argue that there can be no such thing as spaceless places,
but with the argument that creation of place is derived from the immersion in a space,
although this is in the context of technologically enhanced physical environments so we
argue that their point of view is not as valid in our case.
Raahauge discusses the concept of non-place (Raahauge, 2008, p. 127) which in short
is a space that does not carry any meaning. Even though the idea stems from
anthropology as a physical phenomenon, we argue that non-places are also present in the
virtual domain and could be exemplified by an attempt to design a party environment
within the Massive Multiplayer Online (MMO) game City of Heroes (CoH) (Moore,
Gathman, & Ducheneaut, 2009). The inhabitants of CoH were normally gathering at a
space in the world where it was not intended and by doing so, causing higher latency and
crowding problems, and as an attempt to fix this problem the developers created a new
space for gatherings which tried to emulate a party environment. This attempt could be
considered a failure since the new space was not widely used. This was due to
inappropriate design and that the developers had failed to realize that it’s not the design
of the space that matters but to design for placeness.
A similar concept to place is the locals concept, presented here in a study on system
administrators roles and how their work environment requires them to switch between
contexts - both social and professional (Fitzpatrick, Kaplan, & Mansfield, 1996).
We have the universal idea of place, with its essence in that people create them and
act in them in a way that is correct in regards to their environment. According to Harrison
and Dourish, complex forms of places exist, the hybrid and spaceless places. Chalmers
definition of space does not accept the reasoning behind separating place into the
complex form by using another definition. Raahauge introduce a term for when a space is
not functional to use as a place: the non-places.
We argue that classifying places as hybrid or spaceless is not a valid way to reason in
the light of our virtual teams since then all places would be hybrid and the classification
would contribute with nothing. An example of our point would be the use of a virtual
office environment in 3D. Since the team make use of the environment to perform its
tasks and communicate in with the means available, some which may be in-world and
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some who may be external tools. If we consider place as the correct framing of behavior
of which the team interacts, it would not make sense to limit this place to within the
virtual environment nor to label it a hybrid place.
So in conclusion, place is all about the humans acting within the environments, and
now that we know some more about space and place we will look in more detail on how
to create affordances for places when designing and working within CVEs.
3.7. The Creation of Place and Space
In the book “Space and place: The perspective of experience”, Tuan (1977) discusses
how humans of different culture and of different ages experience the world, how they
make sense of it and how it affect their behavior and understanding. He discuss place as a
construct of our culture; the rules and conventions we carry, the way in which we
communicate and interact with others and our personal feelings, memories and
expectations and sense making process. These factors together with the physical
environment, the space, is what creates place.
Moving away from the field of human geography and back to focus on virtual
environments and teams, how do we create or design places in the virtual domain? The
creation of place cannot be forced by merely recreating an environment that resembles a
physical environment where an anticipated activity could take place (Moore, et al., 2009).
One important factor, appropriation, encapsulates how well a system can be
customized by its users and fitted into their workflow and practice both individually and
collaboratively. The concept is highlighted by Harrison and Dourish (1996) as one of the
key aspects of how place is established.
The idea of appropriation is best illustrated with an example. Two separate attempts
were made to create a video link between two remote office locations with the purpose
of creating a shared work environment. One of the links was configured with cheaper
cameras, mounted on small tripods, which could be moved around easily by the people in
the offices. The other link was established using a more expensive, high quality installation,
which did not encourage people to tamper with the equipment. The first attempt of a link
was a success, providing an improved cooperative environment for the two offices, and
the other was deemed a failure, with nothing gained. The difference was that the first
setup encouraged appropriation, the second did not, and therefore a shared sense of
place was created in one but not the other (Harrison & Dourish, 1996). Even if this was
made in a hybrid space (virtually connecting physical environments), the appropriation
process, allowing people working in the offices to make the link their own, which we try
to point out, still applies. To take a more virtual example of appropriation we can look at
how email is used by most individuals. You might say that email has even been “overly
appropriated” as a collaborative and individual tool for information and collaboration
management, being used as everything from a real-time communications tool
(Ducheneaut & Bellotti, 2001) to a document management tool, which in some cases can
prove to be inappropriate (Bjørn & Ngwenyama, 2009).
This indicate that it may not be the the tools that have the richest set of features that
are most suitable for collaborations but rather the ones that are easiest to appropriate.
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If appropriation is the desirable property, there is a need to investigate how to design
an environment to support this criteria. Dourish (2003) extracted three hypotheses on
how to design for appropriation (table 2 below) which we find helpful.
Table 2.
Design principles for appropriation (Dourish, 2003)
Design principle

Description

Organizing
Information

The desire to view or interact with information may vary
depending on the situation, users and other contexts. Thus
providing a system where the view can customized both for the
individual and the team.

Composable
Functionality

Revealing how a system works to allow users to get to know how
to make it work for them and fit it into their practices.

Groupwork

Make information sharing available from within an application rather
than leaving it to the infrastructure of the team.

As we shift focus from the general virtual environment to the more precise case of
3D virtual environments, what are the things to focus on to create the sense of place
there? Another question is what kind of place is desirable - a place to work or a place for
leisure? The second question becomes very important because purpose is also a leading
design issue which becomes more evident in a “tangible” 3D environment as well as in the
real world.
In an attempt to create a more collaborative and community-like feeling of place in a
café, a mixed reality system was introduced, called CoCollage, which allowed the visitors
at the café to upload pictures via a website which were then displayed on wall mounted
monitors in the café. This allowed visitors to learn about the interests and aspects of the
other visitors at the cafe (McCarthy, et al., 2009). This created an increased sense of
community and, we argue, therefore a place. The purpose of the place in this example was
to help transform the cafe to a third place, a home away from home (Steinkuehler &
Williams, 2007).
We have had the chance, at a visit to the Te Papa museum in Wellington to interact
with a similar system. The museum have created a media exhibition, called Our Space
(http://www.ourspace.tepapa.com/), where visitors at the museum can create and edit
video and audio recordings, as well as photographs, of themselves using touch-screen
computers. The recorded media can then be transferred to a 2x10 meter screen, called
The Wall, where media can be moved around, cropped and resized using advanced
remote controllers. By giving visitors access to the museums vast collections of photo and
video recordings and allowing them to mix them freely with their own contributed
media, we argue that Our Space has the potential to create a sense of place for New
Zealanders and museum visitors as they share stories and fruits of their creativity.
Screenshots from the big screen is captured on a minute by minute basis and is stored
digitally for future generations to see. One such screenshot can be seen in figure 10.
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Figure 10. Screenshot from The Wall at the Te Papa museum in Wellington.
If this can be employed in a real life setting, it could also be employed in a purely 3D
setting as means of creating a shared connection within a team.
So let us summarize briefly, before we move on to how teams could form and work
within the virtual environments. The creation of place requires the ability for the users to
appropriate the space, be it virtual or physical, to make it their own. The place must also
have a purpose, otherwise it will be either short lived or not likely gain much interest.
3.8.

Virtual Teams in Virtual Environments

For a team to work well together the members must understand each other and
share a common ground, not only of knowledge, but also of how to communicate and
what level of formality is appropriate, meeting times, etc. This ties well into the placeness
but applied to human interaction rather than environmental design. This may also be seen
as a consequence of the idea that place comes first (Dourish, 2006). Dourish argues that
spaces are results of existing places, that the need of a space is a product of
communications, interactions and actions within a place. This view of place is one that also
influence us to our conclusions, the Team Place which we will address further on.
An important question to ask is wether a team is in a position where it is ready to
adopt a collaborative software. Olson and Olson (2000) presents four factors of success
for collaborative efforts in virtual teams. These factors are:
• Common Ground - A factor referring to the potential for successful collaboration
between individuals in a team. This is similar to the concepts of mutual knowledge and
shared mental models covered 4.1.
• Coupling in Work - In short this describes how well a task is suited for work in
distributed teams and collaborative efforts.
• Collaboration Readiness - This is a measurement of how well the organization and
individuals are prepared for and in need of collaboration to succeed with their tasks.
• Technology Readiness - This is a measurement of how well it would work, in terms
of adoption and integration, to deploy a collaborative software in the team or
organization.
(Olson & Olson, 2000)
Let us look a bit closer at technology readiness, since it is the concept which has the
most impact on use of CVEs, under the assumption that the other factors are fulfilled.
Olson and Olson writes this about Technology Readiness:
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Some organizations are sufficiently collaborative to be good candidates for
successful adoption of the appropriate technologies for distance work.
Their habits and infrastructure, however, are not.
(Olson & Olson, 2000, p. 164)
Thus if a team lacks enough training and experience in using collaborative software
and procedures the technology readiness is to low and there is a high probability of failure.
The lack of training and support for users of virtual environment have also proved to be
problematic in other cases (Bessière, et al., 2009) and have been know to be an excuse
not to use 3D CVEs (Pekkola, 2002).
So to look at Virtual Teams using CVEs as a platform for either communication, team
building or work, we need to look at the creation of place with this setting. Prerequisites
for the Virtual Environment to be used is that it works well for the purpose of the team,
that it makes use of appropriate metaphors and that it provides services to integrate with
the work practices of the team. If the design is made right, the use of a CVE is a good way
of creating bridging connections within the team (Steinkuehler & Williams, 2007).
3.9. Virtual Teams and Communities
Interesting to our work are the places on the Internet where people gather mostly
out of free will based on shared interests. Places where people, without compensation,
contribute with what they know and engage passionately in discussion. These places are
commonly referred to as communities and we see similarities between these groups and
Virtual Teams. The notion of a community also makes the link between a Virtual Team and
a place more logical as we will see.
Groups that share important resources, provide social support, and show
reciprocity are considered communities.
(Preece, 2000, p.174)
This definition by Preece sums up what we are looking for in a Virtual Team. The team
shares resources such as documents, meeting minutes and other task-related content.
They provide social support through socialization processes and member support. Finally
they show reciprocity in that they share accountability for team outcomes. Preece’s
definition of an online community has four main components (see figure 11) which we
will examine below.
People

Policies
Sociability

Software

Purpose

Usability

Figure 11. Preece’s definition of an Online Community
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• Purpose - The community goals serve to attract people with similar interests. Goals
may be narrow which attracts people who are like each other. Broader goals creates
communities of general interest but may also breed conflicts of interests. A clearly
stated purpose makes it easier for newcomers and may also help deter casual visitors.
• People - The community is inhabited by people with different characters and roles.
Some people take a more active role (participants) and others remain largely silent
even though they are carefully following the discussions (lurkers). Moderators and/or
mediators monitor the community and enforce its policies. In a professional community,
member roles may be equal to members roles in the real world and thus a sense of
hierarchy is translated into the community.
• Policies - For a community to function smoothly and to ensure growth, the
community have policies in many forms. There may be policies for joining and leaving the
community - often enforced through a form of contract when joining. There may be
codes of practice for communication, so called netiquette. In addition to national laws
there may also be rules for privacy, security and copyright protection in place to protect
members of the community and people outside of it.
• Software - The software is the medium of the community. Community systems
exists in a variety of forms, supporting synchronous or asynchronous communication (or
both). Community software exists as web-based services and as custom-built
applications. Whatever the design of the software, it will have a social impact on the
community and its users. It will determine the way communication is carried out and to
what degree people with various experience are able to engage with the community.
(Preece, 2000)
Using this definition of a community to discuss Virtual Teams, we argue that the
community will serve as the team place. It has a purpose - stated very clearly or being
implicit. If the purpose is not clear or understandable, people are unlikely to engage in the
community and thus there is no place. Further if the software does not enable the
purpose to be realized, there is no place. Finally, the policies, enforced through moderation
and mediation, determine the frame of appropriate behavior.
There are of course differences between communities based on voluntary
participation and high performance Virtual Teams. As an example, the community does not
have any requirements to produce any outcome. However, in the case of the professional
community, where members as part of their professions gather to share best practices
and to solve problems, the community may still provide significant value to the
participants. There are also no significant consequences for the community member who
decides not to participate. In a Virtual Team, a non participating member is likely to be
detected and possibly excluded from the team.
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4.

Towards Successful Virtual Teams

What makes a Virtual Team successful? What makes any team successful? It is very
much depending on the context There is a need to move away from looking at behaviors
of the team and instead trying to understand team effectiveness at a cognitive level
(Millward & Kyriakidou, 2004). The potential for success of a virtual team lies in the minds
of the members. ”Good Virtual Teams monitor their performance and self-correct,
anticipate each others actions or needs, and coordinate their actions” (Millward &
Kyriakidou, 2004, p.28). While managers will probably determine effectiveness of a team in
terms of input and output variables (cost vs revenue), it is more rewarding for us to look
at team effectiveness in terms of the perceptions and attitudes of team members.
Millward and Kyriakidou (2004) point out the need for distinguishing between the causes
of success and the indicators and results of success. An indicator of success is for example
an open communication in the team. The cause for open communication, however, is likely
that the team is goal-oriented and that there is an understanding for the need to harness
all the resources of the team. Interventions aimed at Virtual Team development should
thus address the causes of team effectiveness.
4.1. Shared Mental Models and Team Identity
The idea of shared mental models have been used to explain the functioning of
teams. The idea is that team members unconsciously build knowledge structures that
enable them to interact with their environment. These structures allow team members to,
in an environment where communication is lacking, predict the actions and information
and resource requirements of their team members. Mathieu, Goodwin, Heffner, Salas and
Cannon-Bowers (2000) organize mental models into four categories (see table 3 below).
Table 3.
The four categories of mental models. (Mathieu, et al., 2000)
Model

Description

Technology

An understanding of the dynamics and the control of technology
and how it interacts with the input of other team members.

Job/task

An understanding of processes and procedures for the
accomplishment of tasks.

Team Interaction

The roles and responsibilities of team members, interaction
patterns, information flow and communication channels.

Team

Knowledge that is specific to teammates: their skills, attitudes,
preferences, strengths and weaknesses.

The Team and Team Interaction models are specifically important because they allow
the team members to adapt their behavior based on what they know that others would
do. ”The more knowledge team members have about one another (and the more
accurate that information is), the more efficient and automatic this process can
be” (Mathieu, et al., 2000, p.274). Mathieu et al. found that team effectiveness can be
improved when team members mental models converge. The authors suggest further
research into interventions that can be applied with the purpose of helping the team
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develop shared mental models. Team opacity as, introduced in 2.4, has a negative effect on
the formation of shared mental models in that mediated communication limits the
transfer of contextual information which is important in the memory formation process
(Fiore, Salas, Cuevas, & Bowers, 2003).
We find that the theory on shared mental models and especially on the team and
team interaction model is related to team identity. ”Social identities are conceptions of
self, and of others, which are derived from membership in social groups” (Mansour-Cole,
2001, p.43). Ones social identity is made up by the people you associate with and the
organizations that you are a part of. A formal membership need not be in place, rather an
admiration is sufficient.
The individual social identity has an analogue in the team social identity. Team identity
formation begins even before the team members interact. This refers to traditional social
identity theory that shows that team members reflect and make judgements based on
who is selected as a team member and who is not included in the team (Mansour-Cole,
2001). Values, attitudes and expectations are considered in addition to skills and
competences. Team identity formation is also the subject of the negative effects of Team
Opacity in that paralinguistic cues which help develop the impressions of others are not
easily transferable in mediated communication (Fiore, et al., 2003). The impact of a shared
identity on cooperation, commitment to decisions and trust have indicated that it is critical
to the functioning of a team (Kramer & Brewer, 1986).
4.2. Trust and Related Constructs
Trust is perhaps the most important determinant for success in Virtual Teams
(Lipnack & Stamps, 2000). Elements that help build team cohesiveness (discussed below)
and personal relationships such as a common workplace, similar backgrounds and the
ability to get to know each other in the break room is often absent in Virtual Teams. In this
environment, trust becomes ”a pivotal element of success” (Bradley & Vozikis, 2004, p.
100). Trust that we are interested in can be defined as follows:
Trust will be defined as an individual’s belief or a common belief among a
group of individuals that another individual or group (a) makes good-faith
efforts to behave in accordance with any commitments both explicit and
implicit, (b) is honest in whatever negotiations precede such commitments,
and (c) does not take advantage of another even when the opportunity is
available.
(Cummings & Bromiley, 1996, p.303)
While Virtual Teams, in the sense we discuss them, are a new work form, the
importance of trust in distributed work is far from a new knowledge as presented in a
150 year case study of the Hudson’s Bay Company (HBC) (O'Leary, Orlikowski, & Yates,
2002). The HBC was established in 1670 and operated trading outposts around Hudson’s
Bay in todays Canada, trading European-made goods for furs. The company’s headquarter
was located in London. The study reveals how the HBC had practices in place to establish
a balance between trust and control between the headquarter and the trading outposts
through the means of ”socialization, communication and participation” (O'Leary, et al.,
2002):
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• Socialization - The journey for new recruits at the HBC across the atlantic started
with a farewell ritual full of ”pomp, tears and company symbolism”. During their journey
they quickly learned about the hierarchies in the organization and more experienced
officials onboard could give them face-to-face accounts of daily life on the Bay. Arrival on
the Bay was also accompanied by a welcome ceremony before the recruits were
handed their assignments.
• Communication - The company had elaborate communication norms. Written
communication between London and the outposts on the Bay consisted of annual
letters, daily journals from the posts and financial account books. Letters often contained
recognition that the leaders had confidence in that the outpost officials operated in the
company’s best interests.
• Participation - The case study reveal the ambition of one official on the Bay to
frequently visit the outpost by ”canoeing around”. Through these journeys he learned
the strengths and weaknesses of outpost officials and he used the visits to reinforce
company values.
While some of the practices put in place by the HBC may seem out of place in
todays organizations, the examples illustrate how the importance of a balance between
trust and control in distributed work is not a new realization(O'Leary, et al., 2002).
A high level of trust enhances group cohesion and group satisfaction in Virtual Teams
(Zornoza, Orengo, & Peñarroja, 2009). Teams working in computer mediated
environments will, in a high trust environment, develop better interpersonal relationships
and are likely to feel more attracted to the group and its tasks. The term cohesion has
been identified as a measure of social interaction (O'Reilly, Caldwell, & Barnett, 1989) and
as a sense of members attraction to the group (Hogg, 1992). Cohesion has also proven to
have an impact on task participation and social presence (Yoo & Alavi, 2001).
The work of Jarvenpaa and colleagues (S. Jarvenpaa & Ives, 1994; S. Jarvenpaa &
Leidner, 1999; S. L. Jarvenpaa, Knoll, & Leidner, 1998) is frequently cited by articles that
addresses the facilitation and development of trust in Virtual Teams. One note however is
that some of these referencing articles look at very large teams, some the size of up to
50-100 members (Al-Ani & Redmiles, 2009; Lane & Ågerfalk, 2009) and one might ask if
the meaning of the word ”trust” is the same to members of these teams as to the
members of teams of say 4-8 people. Once again we see a potential for misalignment
when much research on trust, done on student groups (of smaller size) (Bordia, 1997;
Mitchell & Zigurs, 2009), is applied to organizations employing much larger teams. It is also
noted that as teams get larger and more dispersed, trust becomes increasingly difficult to
sustain (McDonough, et al., 2001).
Concepts related to the team sense of its ability to accomplish its work are team
potency and team efficacy.
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[Team potency] is meant to refer to a shared belief about general
effectiveness across multiple tasks encountered by groups in complex
environments.
(Guzzo, Yost, Campbell, & Shea, 1993, p.9)
Team efficacy is the collective belief in a team in that it can complete a specific task.
This collective sense of efficacy emerges from common exposure of
members to objective stimuli (such as outcomes of group performance)
and the processes of social influence and social comparison.
(Lindsley, Brass, & Thomas, 1995, p.648)
While these may seem very similar, the difference is pointed out in literature. Potency
refers to a broader sense of the group or team and its abilities to perform across tasks
and contexts (Guzzo, et al., 1993) while team efficacy is related more specifically to the
belief in the team that they can accomplish a certain task (Gully, Joshi, Incalcaterra, &
Beaubien, 2002). The definition above by Lindsley et. al suggest that team efficacy is
developed by exposure to outcomes of accomplished tasks. In a Virtual Team
environment, where team member awareness of other members actions is limited, the
development of team efficacy is hindered by effects of team opacity. If the outcomes of a
certain task is not communicated saliently to the whole team or if it is not perceived as
relevant on an individual level, we argue that this prevents the development of team
efficacy.
These concepts; team potency and efficacy, are important to us since they help build
individual and collective belief in that the team and that its members are competent
enough and that they have the resources available to fulfill their mission. We believe that
the development of these constructs can effectively be accomplished through team
building activities. These constructs are also strongly related to group cohesion which have
been given more attention in literature.
There are uncertainties inherent in the virtual environment, such as not knowing
whether a colleague has received or read a message sent. A lack of response or signs of
life can equally be attributed to the colleague having technical difficulties or to him or her
not being committed (S. Jarvenpaa & Leidner, 1999). This problem of understanding the
meaning of silence is a component of the mutual knowledge problem (Cramton, 2001).
Cramton identified five types of problems in her study of globally dispersed student
teams: ”...failure to communicate and retain contextual information, unevenly distributed
information, difficulty communicating and understanding the salience of information,
differences in speed of access to information, and difficulty interpreting the meaning of
silence” (Cramton, 2001, p. 346). These issues were identified in the students use of email
and chat and the consequences often had an impact on interpersonal relations in the
team.
The failure to understand and retain information regarding the context of the remote
partners and their situation as well as an uneven distribution of information means that
team members lack information to make situational attributions. Quoting attribution
literature, Cramton claims that this instead leads to people making personal attributions,
as discovered by Nisbett (Jones & Nisbett, 1972; Nisbett, Caputo, Legant, & Marecek,
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1973). If team members blame each other for misunderstandings due to the lack of
richness or mediating technologies, they are in a poor situation to establish trust.
4.3. Team Member Motivation, Intentions and Purpose
”Purpose sustains and initiates process. It is the source of life for all teams, the inner
fire that gives them their vitality” (Lipnack & Stamps, 2000, p.149). While an extensive
review of literature on employee motivation and intention is beyond the scope of this
thesis, there are some valuable insights to be gathered by looking at purpose - both on an
individual and on a shared level. By purpose we mean the development of a motivator for
the individual and the team to carry out its work.
The development of a shared purpose is more time consuming and costly in Virtual
Teams as identified by Lipnack and Stamps. It is however all the more important in the
role of bringing together people who are separated by distance. The first thing to consider
is the compatibility between people and goals. That is, the goals of the team needs to be
cooperative. Cooperative goals motivate team members to work together (Lipnack &
Stamps, 2000). To clarify: there needs to be a clear benefit for ”you and I” to work
together to solve a particular problem. The reward for us to solve it as a team needs to
be greater than for us to solve it as individuals.
In the case of Virtual Teams in organizations, we argue that this comes more naturally
where people with complementing skill sets are assigned to work together. In this case, it
should be obvious to the team members that they cannot solve the problem alone.
However it should also be made clear how they make up an important part of the team
assigned to solve the problem and why they have been chosen to be a part of it. Bradley
and Vozikis point out the difficulty for Virtual Teams that are formed in divisional
organizations - organizations where divisions compete on the basis of profits or market
share (Bradley & Vozikis, 2004). The culture in these kinds of organizations may breed
distrust when goals of different divisions are incompatible.
If people hold essentially the same skill sets the purpose for the Virtual Team needs to
be made clear by the team sponsor. We argue that this is especially true in the educational
context. The rewards for Virtual Teams of students needs to be closely linked to the
process used to carry out the work rather than to the end result. Otherwise team
members may argue that: ”Why do we need to do this as a team when I could easily do
the assignment by myself?”
Jeffrey McConnell (2006) provides an example of a team building exercise which may
help make the benefits of team work clearer in student projects. The student group is
handed a deck of cards, and then each student in the group is timed while sorting the
deck for him or herself. Each of the group members does this and then their times are
added and averaged. Then the students discuss how to sort the cards as a group and then
perform the collaborative sorting, again timing it. After a comparison is made between the
results of collaborative and individual sorting a discussion about different ways to solve
problems collaboratively may ensue.
We argue that when Virtual Teams are formed in an educational context, the culture
of the student population needs to be assessed. If the student population is highly
competitive, which is the case in certain educational settings, greater care needs to be
taken when setting the goals for the Virtual Team.
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Some teams set out with a clear purpose defined by the team sponsor. Other teams
may only have a vague set of guidelines to start with. In both cases, the development of a
team purpose, will be beneficial for the Virtual Team. As we will see in chapter 4.4., the
purpose can be stated in a team charter, the development of which is a suitable activity
during the early phase of a team. A team purpose produces a team identity that helps
keep conflicts constructive. The purpose serves as a standard by which to measure
individual action and to resolve conflicts between individual and team interests
(Katzenbach & Smith, 1993).
Individual purpose or the motivation of an individual to engage in a Virtual Team is
determined on an extrinsic and on an intrinsic level. Extrinsic motivation is influenced by
the rewards or punishments that comes as a result of engaging or not engaging in a
certain behavior.
Venkantesh, Morris, Davis and Davis (2003) have synthesized literature of eight
models of user acceptance theory and formulated a Unified Theory of Acceptance and
Use of Technology (UTAUT). The authors claim that user behavior is determined by four
constructs which affects extrinsic motivation:
• Performance Expectancy: The degree to which a team member believes that use of
the technology will better help him or her accomplish his or her job.
• Effort Expectancy: The degree to which a team member believes that the
technology will be easy to use and understandable.
• Social Influence: The degree to which a team member perceives that other people,
who are important to him or her, believes that he should use the system.
• Facilitating Conditions: The degree to which a team member believes that
organizational support and technical infrastructure is in place to support his or her use
of the system.
(Venkantesh, et al., 2003)
Performance expectancy comprises the perceived usefulness of a system, that is the
degree to which a team member believes that the system will help him or her in
performing his or her job. It is an extrinsic motivator. In the Virtual Team setting, the need
for the use of a mediating technology is inherited by the work context. However, the
collective use of a particular technology over another, for example the use of a 3D
collaborative virtual environment over email will be determined by technology acceptance
theory. This is where the design, richness and ability for appropriation of the collaborative
software plays an important part.
We argue that these constructs are important to consider when collaborative
software is to be introduced. Social influence, we argue, is directly influential since a team
member needs to be convinced that other members of the Virtual Team will commit
themselves to using the system.
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4.4. Traditional Team Building
At the moment when a team is assembled, be it due to a need identified by
management or by individuals embedded in or between organizations, the process of
team formation is begun. This early phase in the life of a team is crucial for the time that is
to come. Regardless of weather the lifetime of the team is to be short or if the team is to
be an ongoing part of an organization, the following piece of advice is of great value:
”Invest in beginnings” (Lipnack & Stamps, 2000, p.132)
Team building is frequently used in organizations and these interventions come in
many different forms ranging from outdoor activities to indoor discussions or even
ventures into the kitchen. The purpose of these activities have evolved from the
development of interpersonal relationships to include the achievement of results and
accomplishment of goals. The components of team building include goal setting,
development of interpersonal relationships, problem solving and role clarification (see
figure 12). The purpose of these interventions is to achieve cognitive, affective, process
and performance related outcomes (see table 4 and 5) (Klein, et al., 2009).

Team Building Components

Team Building Outcomes

Goal Setting

Cognitive

Interpersonal Relations

Affective

Problem Solving

Process

Role Clarification

Performance

Figure 12. Team building components and outcomes (Klein, et al., 2009)
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Table 4.
Components of team building activities (Cuevas, et al., 2004; Klein, et al., 2009)
Component

Description

Goal Setting

Assists team members in setting individual and collective goals and
determining how to reach those goals.

Roles

Focuses on identifying the responsibilities of each team member in
order to avoid conflicts based on role ambiguity and uncertainty

Problem Solving

Aimed at guiding team members in developing skills in identifying
relevant elements of problems and in employing strategies to solve
them

Interpersonal
Relationships

Aimed at fostering positive attitudes and commitment to the team as
well as getting team members to know each other

Table 5
Outcomes of team building activities (Klein, et al., 2009)
Outcome

Description

Cognitive

The declarative knowledge of competencies related to teamwork

Affective

Trust between team members and team potency or team spirit and a
stronger team identity

Process

Coordination of tasks and communication

Performance

Measurable outcomes in terms of sales volumes or productivity
measures

A recent review of literature on team building by Klein et. al. (2009) reveals that team
building does improve team outcomes. Process and affective outcomes shows the most
improvements due to team building interventions. It was also found that team building has
a greater effect on larger teams and this is attributed to the notion that larger teams are
less likely to have had any previous interventions and that they are less cohesive. This does
however not mean that smaller teams are less receptive to team building interventions, it
just indicates that smaller teams may be in a better starting point.
The development of plans for teamwork, that is the agreement among the team
members on how the team will operate, make decisions, what roles there will be and so
forth, referred to as a team charter by Mathieu and Rapp (2009), will especially have
positive long-term effects on team performance. Further, the development of
performance strategies, that is the prioritization and sequencing of tasks has also proven
to have a positive influence on performance. Team building activities that focus on making
strategies for team work and for performance should thus be both beneficial for
strengthening interpersonal relationships as well as improving team performance. In
business terms, having the team construct a mission statement or a vision statement and
some guiding principles for the work that is to come would be a valuable exercise.
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Many team building exercises don’t require many props to be accomplished. The
essence of many activities designed by practitioners consists of a simple exercise using
simple office material such as a whiteboard and pens or business cards. The exercise itself
is kept short and often involves physical participation. The exercise is followed by a
discussion, which is the most important part of the activity.
Let’s look at an activity that can be employed in a face-to-face environment with the
purpose to establish a code of conduct. The example is taken from Carol Scearce’s book
122 Ways to Build Teams (Scearce, 2007) and is directed at a potential team leader who is
about to organize a team building activity (figure 13)
#62. Turning Wrongs Into Wrights
Lead the team members in a discussion of behaviors they do not like to see
when working in a group. Keep listing the responses on a piece of chart paper
until you have about 10 responses. Lead them in a second discussion about
behaviors they like to see when working in a group. They must tell why they like
these specific behaviors. Record about 10 or so of these behaviors on a second
chart. On a third piece of chart paper, they are to transform each behavior on
the first list into a behavior they would like. Have the team destroy the first list
with flair (shred it up, stomp on it, or whatever). Next have the team focus on the
third list now and discuss how they can incorporate those behaviors into their
teams functioning.
Materials you will need:
• 3 pieces of chart paper
• Colored markers
• Masking tape
Figure 13. Team building activity with the purpose of establishing a code of conduct
(Scearce, 2007, p. 92)
The activity relies on intense communication and feedback between team members
and they are required to work together to create an artifact (the list of desired
behaviors). The discussion on how to transform unwanted behaviors into desired
behaviors also involves problem solving. Finally, the collective destruction of the list of bad
behaviors is something that will likely build team potency. As the team members prove to
each other how they can turn unwanted behaviors into something good, they are likely to
feel empowered.
We argue that this activity, and many like it, can be useful in collocated teams which
can make use of the full benefits of a face-2-face environment and make use of office
props which they are feel comfortable in using. What would happen if we would attempt
to conduct this activity in a computer-mediated environment? What kind of environment
would we need? We will now look at what challenges and opportunities arise when we
try to conduct team building in the virtual space.
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4.5. Team Building in The Virtual Space
Anecdotal evidence highlights the difficulties in translating traditional team building
activities into the virtual space:
Traditional team building exercises are difficult to facilitate in the virtual
environment. How do you know that the person is using their real
information or personality to answer trust questions? If communication is
asynchronous, there is ample time to consciously or even unconsciously
make information more personally enhancing, socially desirable and/or
closer to the emerging team prototypical member.
(Mansour-Cole, 2001, p. 56)
Indeed, in an environment with low trust there is great risk that the team perceptions
are developed based on false or dishonest actions or claims. Thus, we argue, if we have
low trust to begin with and this affects team member attitudes, attempting a virtual team
building exercise, without being aware of the state of the team, may cause trust levels to
drop even lower. Further, team members perceptions of each other may become skewed
which likely affects the formation of shared mental models and team identity.
Not many examples can be found in literature of actual attempts (outside of the lab
environment) at conducting team building activities in purely virtual environments. J.A
Holton (2001) have proven some success in employing team assessment schemes in a
Virtual Team that was fortunate to be able to teleconference in realtime. The author used
the Team Fitness Test, the Keirsey Temperament Sorter and the Belbin Group Role
Questionnaire in a six-member Virtual Team in a health promotion organization. The team
members completed the questionnaires online and the results were discussed in followup telephone conferences. Team members appreciated the chance they were given to
learn more about themselves as individuals as well as the strengths of their team. The
teleconference sessions allowed them to discuss their work processes and, as an
example, through these discussions issues with their use of email as the main
communications tool was brought up (Holton, 2001). While this study does show some
success in translating existing team building activities into the Virtual Team environment, it
does have its drawbacks. The team had already been working together for some time
before the study took place. Thus, we argue that a team identity was already in place and
the team building exercises might not have proven to be as valuable as if the team had
just been assembled. It does prove however that in-process interventions as proposed by
the author can be very valuable for an already established team.
The popularity of Second Life has already been mentioned and its uses as a platform
for virtual teams and team building are a very recent area of exploration that is taking
shape. In contrast to previous mentioned ice breaking in virtual environment, non-task
related activities, games and storytelling has been primary focus of the studies in Second
Life. The amount of studies done of team building in CVEs are, as far as we can find quite
limited to activities within Second Life. The activities has ranged from storytelling sessions
to virtual games.
The usefulness of a virtual world such as Second Life to provide an appropriate
environment for storytelling, creating a place with a purpose and therefore increasing the
meaning of the story itself has been show by Thorpe:
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The Second Life™ experience was described as being very close to what
participants experience when meeting face-to-face. It was considered by
some a very direct experience with an environment or place.
(Thorpe, 2009 - Submitted for examination, p. 361)
The scenario set up for the storytelling session was in the case of the quote above,
logs around a virtual campfire where the avatars of the users could sit to share their
stories making use of the association the participants had with the act of sharing stories.
Design of games for team building has been chosen for their ability to encourage
cooperative behavior and social communications, as well as build positive team spirit when
a goal is reached. Ellis, Luther, Besseiere and Kellogg (2008) conducted a study, creating
three games to use as team building activities to foster camaraderie, increase in social
communications and team spirit. These games were designed and played in Second Life.
4.6. Team Building or Task Focus?
We have stumbled upon conflicting opinions among researchers as to the
importance of specific team building activities in the early life of the team. A growing body
of research argues that the focus in the early life of the team should be to attend to taskspecific activities:
Early team building exercises should focus on task accomplishments, since
the exertion of true team effort that is valuable to the organization
conveys a sense of the team’s worth to potential members and enhances
the team’s reputation for non members.
(Mansour-Cole, 2001, p. 55)
Indeed, the accomplishment of tasks would help strengthen team potency and the
exposure to the outcomes of their work would strengthen team efficacy as well as
develop the teams identity as we have discussed previously. It is also more likely that an
organization would give credit for accomplishments which are related to the fulfillment of
the team purpose and that team members should be more actively engaged if they knew
that such credit was to be expected.
The clearer team members are as to how each member contributes to
the team and how the team contributes to the organization, the more
effective the team will be. In practical terms, this suggests that the most
effective virtual team development interventions will be those that involve
the development and setting of shared goals.
(Millward & Kyriakidou, 2004, p. 26)
The development and goals and purpose for the Virtual Team is once again identified
and as we’ve mentioned, it falls under the development of a team charter.
Some authors claim that the amount of task-related information exchanged between
team members is a direct determinant of the closeness of their relationship. Hart and
McLeod (2002) studied relationships between members of seven Virtual Teams coming
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from three different business organizations. Their study is rooted in the concept of
symbolic interactionism as presented by George Herbert Mead (1934) which focuses on
”...the joint social creation of meaning given to objects, which people negotiate through
language and other symbols” (Hart & McLeod, 2002, p. 354). The authors argue that as
people communicate, in order to build shared meaning about the message content, they
are developing their personal relationships.
We like this theory and it goes well in hand with theories on social identity, shared
mental models and mutual knowledge, the development of which have proven to be
determinants for success in Virtual Teams. As team members communicate to come to a
mutual understanding about task-related content, they will learn more about their fellow
team members strengths and weaknesses as well as the skills that they possess. Through
the clarification of the content the team- and team-interaction mental models (see 4.1)
develop. Hart and McLeod further discovered how the communication between
members with strong personal relationships was often concise and to the point and
”devoid of affect, and excluded friendly openings or closings or even personal
considerations” (Hart & McLeod, 2002, p. 356). We argue, in line with the authors, that
these team members have had time to develop a shared understanding and their mental
models are aligned as they need to spend less effort emphasizing to explain the intention
and opinion communicated. If I am confident that the recipient of my message is aware of
my style of communication, I will need to spend less time clarifying what my intention is
with a particular message. Participants expressed how they experienced their relationships
develop as they had the opportunity to work on task-related problems and that trust
developed as they exchanged information.
This process of developing personal relationships through frequent and task-related
communication does however require ample time for carrying out the communication as
stated by Hart and McLeod. They conclude by giving a number of recommendations to
team leaders that may be of use in order to facilitate the development of interpersonal
relationships:
• Encourage a variety of task-related communication. Ensure that team members
have time to pursue contact.
• Ensure that team members have reason to work together virtually. If personal
relationships are to develop team members need to be interdependent on one another.
• Leaders can learn about the closeness between team members by observing how
they interact. Team members with strong relationships are able to communicate clearly,
”leaving the understood unsaid” (Hart & McLeod, 2002, p. 359).
• Team leaders should consider to ”invert the team-building interventions” by
starting with intensive task-related communication in the virtual realm before
considering the use of face-to-face interventions.
(Hart & McLeod, 2002)
The authors hypothesize on the effectiveness of this reversed team building process
by stating that in a face-to-face environment, ”social and personal cues may overwhelm
task-related issues” (Hart & McLeod, 2002, p. 360), making it difficult to focus on taskrelated problem solving. In the virtual environment, where these cues are less likely to
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shine through, a task-focus is more easily attained. We agree with this theory as we have
experienced during early face-to-face meetings in newly formed teams, one is often
distracted from task-focus as new friendships are made and interpersonal communication
is frequent. Focusing on exchanging personal information in order to develop
interpersonal relationships during this time would likely be a better activity to choose.
A discussion on the overall need for team building activities in all Virtual Team settings
might also be in place. For instance, researchers of TIP-theory (see chapter 2.2 on team
formation and development) states that: ”...the high level of task focus often found in
computer-mediated groups (compared with face-to-face groups) reflects an
overconcentration on the productivity function” (McGrath & Hollingshead, 1994, p. 70).
This causes groups to spend less energy on the well-being and member support functions
which could in the long term be damaging to the team. However, McGrath and
Hollingshead (1994) argue that in short lived Virtual Teams with little or no expectations
for future interactions, a high task focus might be sensible. The authors argue that this is
the case with many groups seen in educational settings and which have been the focus of
much research. However, a continuous task focus in more long lived teams will likely be
detrimental to interpersonal relationships and member well-being (McGrath &
Hollingshead, 1994).
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5.

Summary

Our conclusion from this review, which we have taken through a broad range of
topics, is that the evaluation of collaborative software needs to encompass an equally
wide range of topics. It is not sufficient to only look at how well the software suits a
particular task, the use of the software must also be seen from an organizational view
where support and expectations for its use must be in place. It must further be clear to
the individual team member how the collaborative software is to help him or her better
accomplish his or her job. The broader context of the collaborative software - the Virtual
Team is critical for the evaluation of its use. The environment - both physical, virtual and
emotional needs to be considered. After investigating the connection between Virtual
Teams and communities we want to promote the view of a Virtual Team as in figure 14.
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Figure 14. The Virtual Team, according to Hamrin and Persson
This view consists of People, Purpose, Software, Links, Policies and Time and it is
derived from Lipnack and Stamps (2000) definition of Virtual Teams as people working
with a purpose across links over time. It has been expanded to include elements of
Preece’s (2000) definition of an online community, comprising of People, Policies, Purpose
and Software (see chapter 3.9). While examining place in relation to Virtual Teams and
communities, it is striking how many similarities there are on a conceptual layer,
considering place as a setting for action and correct behavior. As a concept on its own,
place does not say anything about communication amongst its inhabitants it but when
applied in this setting, the place that is created set the stage for mutual understanding,
These understandings have brought us to form this view of a virtual team (figure 15).
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Figure 15. The Virtual Team with the place dimension, according to Hamrin and Persson
This view on the Virtual Team implies a dual meaning. The first is that People are
working with a shared Team Place which is moderated by Policies and Time. The other
meaning is that Team Place is created from a shared Purpose, understanding on how to
communicate and correctly use Software to form and foster the Links between team
members, and thus creating a shared practice. So the Team Place represents the mutual
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understanding in the team understanding and is shaped by appropriating the Purpose,
Software and Links.
To summarize our findings of the review, we use this framework as a guide, starting
with People.
People
People refer to the individual team members and the team as a group of individuals.
They bring with them a set of skills and attitudes towards teamwork. They are likely to
have an idea of why they have been included in the team and they will start to
hypothesize about why other members have been included in the team. Through this
process a team identity evolves. Individual members also bring with them a motivation to
engage with the team. Motivation affects technology adaptation and in turn the success or
failure of adoption of collaborative efforts in a virtual environment.
Team size is a moderator of the team component. It affects the formation of a shared
team identity. It is less likely to feel a strong team identity in a larger team. The
organizational culture further play an important part. If team members are used to
working in a competitive environment, such as in divisional organizations, that is likely to
affect their attitudes towards collaboration.
Questions to consider:
• To what degree is team size likely to affect the ability for the team to function
properly?
• Is technology adoption likely to be influenced by team member motivation?
• What are the team members attitudes towards technology?
• What is the culture like in the organization?
• Is the team aware that they are a Virtual Team?
Creation of a Team Place
As a derivative of our understanding about Virtual Teams and place, we like to
introduce the concept of a Team Place. Team place works as a conceptual wrapper around
the Purpose; key for forming and keeping a team motivated and on track toward a
common goal, Software; the tools used by individuals of the team both in collaborative
and individual purposes, and Links, and the bonds between the members of a team which
is developed to form the shared properties of a team.
Team opacity is an impediment to the creation of a team place. It is caused by a lack
of richness in information exchange. As social and paralinguistic cues are lost in
transmission, the awareness of other peoples actions is reduced. If contextual information,
present in face-to-face communication, is reduced it will affect the development of mutual
knowledge structures and shared mental models.

40

Purpose
The purpose of the team is what gives it focus. To be successful, the team needs a
clearly stated purpose, one which makes sense to the team members and one which is
engaging. It must also be clear to the team members in what way they are a contributing
factor in the organizations strive to fulfill that purpose.
The phrasing of the group goal and purpose is important. It needs to be stated so
that every team member understand it clearly. Preferably the goal should be boldly stated
to call for extraordinary commitment and effort. A well stated goal can help strengthen
the bonds between members as it is an important part of the team identity and will
contribute to the creation of a team place.
Roles and responsibilities should be stated in addition to the purpose. This helps to
reduce the risk of conflicts based on role ambiguity. It also helps team members
understand how they are an important part of the team, why they have been included,
and how they can contribute towards the accomplishment of the team goals. Team
building activities such as the creation of a team charter or cooperative games can help to
clarify roles within the team.
Questions to consider:
• Are goals collective and clearly defined?
• Are goals defined on both individual and team levels?
• Is the purpose stated in a way that is both meaningful and engaging?
• Are roles and responsibilities clearly defined?
Software
• By software we mean both collaborative and single user software. The use of both
must fit into the work practices of the team so that the technology environment is
unified. To provide an example of that also the single user applications must be
appropriated to fit the team environment, the choice of document formats must be
agreed upon to allow the passing of documents. In selecting or designing a CVE for the
purpose the inclusion of in-world access to commonly used tools such as document
editing, pdf-viewing, email etc. is paramount to overcome the self-centric problem of
CVEs (section 3.4).
As we have studied literature on traditional teams, virtual teams, spaces and places,
team building and related topics, we have found both concrete hints on how to design
early team formation activities and the environment in which they take place.
Questions to consider:
• Are team members trained in the use of the collaborative software?
• Does the software used provide enough customization options?
• Is communications software flexible enough to support multiple ways to interact?
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• Is the software designed to fit the specific tasks of the team?
• Does the software encourage communication?
Links
Links in Lipnack and Stamps definition refer to the medium for communication
between team members. We would like to alter this definition to instead refer to the links
and bonds which are formed as interpersonal relationships develop. As team members
communicate and exchange information these relationships evolve and people develop
knowledge structures, Shared Mental Models, to understand and anticipate fellow team
members actions.
In distributed work, trust have been shown again and again to be an important
determinant for success. A high level of trust leads to confidence in individual team
members that remote partners will fulfill their commitments to the team. Team size is
again a moderator of the trust component.
Questions to consider:
• Do team members have a previous history of working together?
• Can all team members access shared documents and data in the same manner?
• Is the richness (or lack of richness) of the media likely to impact the development
of mutual knowledge?
• Does the communication media provide opportunity for frequent communication
and feedback? Does it allow for the transmission of social cues?
Policies
Policies and rules regulate in what way the team operate and the way communication
is carried out between team members. We have not examined the establishment of
formal work policies in our review. In a 3D virtual environment policies can be in place to
moderate how avatars are customized and what behavior is deemed to be appropriate.
Questions to consider:
• Have team had the chance to work out their own standards and policies for how
to communicate?
• Is there an established standard for how information is shared and how it is
presented?
• Is there a code of conduct for how to interact using the channels that are available
to the team members?
Time
Time is an important factor to consider. First, the expected lifetime of the team
determines the need for team building interventions. As we have seen in literature, short42

lived teams may perform best if they are able to focus on the task straight away. In a long
lived team, if personal relationships are to develop without the use of team building
interventions, sufficient time must be given to the team members for communication and
interaction. If team members are under a lot of stress, this is likely to have a negative effect
on the development of interpersonal relationships.
Questions to consider:
• What is the expected lifetime of the team?
• Under what time constraints do the team members work?
5.1. Discussion
One of the main questions that have been trailing us trough out the work on this
thesis is what the impact of virtual team building has on the Virtual Team. We have also
tried to find out how activities should be designed as part of these interventions.
First is the question wether the team is in need of a team building intervention. As we
have identified, this may not be necessary for short lived teams. As for longer lived teams,
the team might want to skip a dedicated activity and move right into task-related
communication. Research has shown that interpersonal relationships develop as team
members engage in frequent task-related communication. This however, requires that the
roles of the team members are such that they are interdependent on one another. There
must be a reason for them to connect with their remote partners. They must also be
given ample time to carry out this communication.
We argue that in certain situations the team may consider moving into the virtual
world and engage in team building activities through the use of an avatar, a virtual
representation of one self if, and this is a big if, the team members are ready. The 3D
environment, while being rich in the way members can represent themselves and
customize their avatars, will likely take some getting used to in an organizational setting.
Customizing the avatar and learning how to move around and to interact will take time. If
the 3D application is separated from their regular virtual workspace, then the motivation
to learn how to use the software will likely drop. The effort expectancy will be too high
and the performance expectancy will be too low.
However, if the team decides to go forward with a team building activity in a virtual
space, a number of factors should be considered:
• Management or a facilitator should stress why they believe it is important for the
team to engage in such activity, how it is to benefit the team in the long run and that
they have confidence in the team members engaging in an honest and truthful manner.
This is especially important since some team members may feel slightly uncomfortable
playing around with something which is not directly related to task accomplishment.
• The activity itself should, if possible, be related to the establishment of ground rules
or of a purpose for the team. The team could very well work together in the virtual
environment to create a team charter, a document outlining the goals and purposes of
the team and the roles and responsibilities of individual team members.
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• Team members must feel comfortable using the technology. It is unlikely that a
team building activity in a software, which is new to them, will work without glitches or
without team members having difficulties using it. Thus, some form of training and
support will be needed.
• There needs to be a set of guidelines and policies for how team members are
allowed conduct themselves in the virtual environment. The abstraction imposed by the
virtual world allow team members to present themselves in ways which may not be
appropriate in real life or in the office setting.
Our personal view is that team building, if facilitated and conducted in a thought out
way, have enormous potential for getting the team off to a good start. Well conducted
activities have a clear purpose and when they are over you often leave with a new
perspective of things and sometimes a new found motivation. Getting this right in the
virtual environment may be tricky and we have not managed to find conclusive evidence
of how it should be carried out.
We have worked out one idea which may show promise as a team building activity in
a virtual space. The idea is that each member of the team gets a portion of a larger room,
which will become the space about him/her. In this space there should be a “hologram” of
the persons avatar which can be activated in some manner to tell a story about how the
person became to be part of this team, or about other interesting things about
themselves. This personal space can be created as part of the “get to know your virtual
environment” session. The result would be a room filled with stories about how each and
every one came to be where they are and how they perceive their part of the team. This
room should be made part of a larger “virtual office” if possible to avoid having separate
places for work and for socialization.
In the educational setting, students may find that socializing in a virtual world is a fun
element of teamwork. However, we argue that the situations in an educational context,
where virtual team building activities are needed, are limited. If there is little chance that
the students will work together over a long period of time or in future classes, the team
may chose to skip the team building and move straight to a task focus. However, as stated
previously, if the purpose of the team is not clear, an activity in which the team agrees
upon a purpose might be useful. This will likely be the case in so called Open Ended
Group Projects.
5.2. Directions for Future Research
As we have seen in literature on Virtual Teams, there have recently been recognized
that teams may differ in the degree to which they are virtual (C. B. Gibson & Gibbs, 2006;
Martins, et al., 2004). Based on our readings of literature on Virtual Teams, we also argue
that the degree to which a Virtual Team are working as a real team must be determined.
Perhaps the often perceived complexity of the topic, as pointed out by literature, is
enforced due to many researchers trying to apply a traditional team model on Virtual
Teams, which might not be teams in the real sense. Perhaps they should be viewed as
professional communities or social networks instead.
The prospect of working as a team brings forward the question wether the team
should engage in team building exercises. We argue that this is not relevant for all kinds of
Virtual Teams. Teams that are short lived for example, may benefit from focusing directly
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on task accomplishment and not putting effort into the member support and group well
being functions. The dilution of the word team in the Virtual Team literature is further
caused by the oversight that large groups of people are very unlikely to function as a real
team (as discussed in chapter 4.2). Due to these inconsistencies, we have identified a
number of questions for further fundamental research on Virtual Teams:
• To what degrees do Virtual Teams function as proper teams?
• How does team size affect the effectiveness of team building in Virtual Teams?
Team Building in the early life of the team, which we have given much attention in this
review, is just one kind of intervention that can be applied in the life of the team to
improve trust. Virtual Team research should also focus on in-process and post-process
interventions in combination with pre-process interventions.
By making connections between place and Virtual Teams we have identified several
similarities and claim that the introduction of Team Place is valid, but still more research on
this topic is needed to find how this can be transformed into more practical advice for
Virtual Teams.
5.3. Conclusion - The Big Picture
Having reviewed articles from a variety of topics, what conclusions can we make?
Literature on spatial design and collaborative virtual environments have given us
knowledge on how software design influences sociability. Literature from organizational
psychology and from business and management research have given us an understanding
of how teams are formed and how they evolve. Moving the team research into the virtual
realm we have explored Virtual Teams - the building block of the networked organization.
These concepts are separated by disciplines and research groups. Linking them is no easy
task and one which few have attempted to accomplish.
We argue that in order to understand the ecosystem which is the Virtual Team, we
must put the team in its habitat - the place. Just as a habitat in a real ecosystem affects the
creatures living in it, a place affects the Virtual Team. The parallels we have identified
between concepts such as place and team identity and community warrant further
examination. Researchers in either field will likely benefit from stepping outside of their
discipline to see how these concepts relate to each other.
To cover the variety of areas that we need to understand in order to understand the
Virtual Team, we have made an attempt to summarize some key concepts from the
literature into a framework which we have presented above. The framework provides a
vocabulary for discussing any Virtual Team and its ecosystem.
By applying the framework to a snapshot of the work setting of a particular Virtual
Team, we have a good starting point to understand the needs and potentials of the
particular group. What is the team purpose? Does the purpose make sense to the team
members? What is the expected lifetime of the team? What is the history of its members?
Answering these questions will help determine the effectiveness of the technologies and
the processes that the team employ.
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PA RT I I : T E A M L I N K 3 D
Teamlink is the name of a Collaborative Virtual Environment that has been developed
at Auckland University of Technology. It is based on the notion of activities being
performed in a 3D virtual space. The purpose of these activities is to introduce team
members to each other, to ”break the ice”. A unique feature of Teamlink is that the
participation in the activities is meant to happen asynchronously. The software is designed
with Global Virtual Teams in mind where team members are separated by time zones.
International collaborative trials have been running between Uppsala Universitet in
Uppsala, Sweden and Auckland University of Technology (AUT) in Auckland, New Zealand
since 1998. The early collaborative trials have been conducted using Lotus Notes and
email(Clear, 1999; Clear & Daniels, 2000). Results from early trials pointed toward
limitations of using only text and graphics for introductory processes. Inspired by the work
of Nunamaker, on group support systems, which proposed that using avatars representing
one self in a virtual space has potential for enriching the introductory phase of a Virtual
Team (Nunamaker, 1997), the researchers commissioned a capstone project to develop a
prototype 3D application for ”cyber ice-breaking”. Development was carried out at
Auckland University of Technology in 2001.
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1.

History of Development and Evaluation

1.1. 2001 Initial Development
The development of the first prototype of Teamlink was commissioned as a capstone
project in early 2001. The original prototype was meant to work as a plugin to an existing
web based groupware, specifically the ”VTEAM Collaborative Database” developed by
the client, Tony Clear at AUT (Foot, 2001c).
The proposal from the client was to create a 3D virtual environment where the
members of a Virtual Team could create and customize virtual representations of
themselves in the form of avatars. The user should be able to manipulate their avatar to
interact socially with other team members avatars in the virtual environment. The users
should also be able to enter personal information about themselves viewable by other
users. Sessions in the virtual environment were to be recorded so that team members
could replay previous interactions. Communications were to be made possible through
synchronous and asynchronous message posting to discussion threads, although this
possibility was later limited to primarily cater for asynchronous communication.
Development was carried out by a sole developer during semester 1 and 2 of 2001
and a fully functional prototype of the software was delivered to the client at the
conclusion of the project.

The system was designed as a client-server architecture with the client being a ”fat
client” containing all the textures and resources needed to represent the virtual
environment. The server application consists of a Java Servlet that is run on a Tomcat web
server. It connects via JDBC to a Microsoft Access database. Communication between
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(either 2D or 3D with Teamlink) and evaluate their experiences
As reported in [3] students appeared to have a
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application appears to have injected an ele
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Further the developer suggests a notification server to be developed. This would eliminate
the need to log in to the system to learn if something new had been posted in a
discussion. In addition to these, there is a list of minor extensions that could be
implemented on the client side which would enhance usability. Most notable on this list is
the suggestion that the client would periodically poll the server for new updates(Foot,
2001a). Since this was not implemented, the application was thus designed for use in an
exclusively asynchronous manner and synchronous use would only be made possible by
regularly logging in and out of the application to receive new updates from the server.
1.2. 2001 Trials
The first trials were conducted internally at AUT. They were conducted using 61
participants studying an Intelligent Business Systems course. The purpose of the trial was
to conduct ice-breaking activities using either 2D or 3D (3D being Teamlink) online tools.
Team members were to introduce themselves using the software and to later evaluate
their experience of participating in the exercises.
Results from these early trials indicated that while some students did enjoy using the
3D environment, there were technical problems associated with the software which
caused low participation rates for the 3D environment (Clear, 2007).
1.3. 2002 Trials
Semester 2 of 2002 offered the first opportunity to try Teamlink on a larger scale and
in an international setting. A trial was run between New Zealand and Sweden during 6
weeks with 125 participating students. The trial had two phases. In phase one, students
were to try out different forms of icebreaker activities: the refined Lotus Notes™ form
based icebreaker used in 2001 and the newly developed Teamlink avatar based
icebreaker. In the second phase, students were to rank the different icebreaking activities
against each other. The Lotus Notes™ icebreaker consisted of a predefined sequence of
steps that the students engaged in interdependently at their separate locations. The
Teamlink icebreaker was more loosely defined and had ”students configuring their
personal avatars, familiarizing themselves with the application and then engaging with the
virtual room and their colleagues as they saw fit” (Clear & Daniels, 2003, p.2).
Performance issues plagued the trials and a lack of diagnostics tools for the Teamlink
environment made it impossible to determine the cause of the problems. The system
became slow and unresponsive and caused the screen to freeze completely for some
users. However, the technical problems seemed to have been more frequent at the New
Zealand location as the Swedish students ranked Teamlink higher in effectiveness. Also,
despite the difficulties, the 3D icebreaker in Teamlink was deemed more enjoyable by
students at both locations (Clear & Daniels, 2003).
The early trial concluded that even though the trial was plagued by technical
difficulties, the 3D application seemed to ”inject an element of fun and excitement” (Clear
& Daniels, 2003, p.6) into the icebreaking activities which led to the authors suggesting
that the 3D environment did show some promise as a tool for icebreaking. The main
output of this trial was the initiation of a follow-up project to diagnose the performance
issues of Teamlink. Another outcome was a discussion and suggestion for the
establishment of a code of conduct for behavior in 3D collaborative environments due to
an incident of harassment which occurred during the trials (Clear, 2004).
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1.4. 2004-2005 Development
The technical difficulties in the early trials motivated further development of Teamlink
and a second capstone project was initiated in 2004 with the aim to sort out the
performance issues as well as adding further functionality for interaction in the virtual
environment. Requirements specified by the client can be summarized as:
• Upgrade of third-party software and third-party Java libraries to current versions.
• To bring the application performance to within acceptable predefined parameters
through the design and implementation of a diagnostics subsystem.
• To assess the need of porting the back end database to MySQL from Microsoft
Access.
• Adding functionality to allow for physical graphing activities as well as extending the
available set of avatar actions.
(Pahuru & Shorter, 2004)
This round of development led to the introduction of activities to the discussion
threads in Teamlink. The lack of structure to the virtual space had been identified in
previous trials and the client identified by the help of Harrison and Dourish (1996) that
the 3D environment provided by Teamlink only provided ” [a] bland room [that] really
only constituted a ‘space’, in which there were no accompanying social structures or rules
of behavior” (Clear, 2007). The client realized that this ”space” needed to be transformed
into a ”place” by inhabiting it with objects and associating certain expected behaviors with
the virtual environment. The proposed solution consisted of an “activity taking place within
a scene, as a context within which icebreaking could be conducted” (Clear, 2007). The
concept was refined and implemented during the course of the project and was in
retrospect described by the client as:
An activity would have a duration, enable named objects to be placed in
the space, and have a focusing instruction, which would require avatars to
locate themselves in the physical space in relation to one another and/or
the placed objects.
(Clear, 2007)
The activities were accompanied by the implementation of a feedback mechanism in
which team members would fill out a short questionnaire after completion of an activity.
This feedback form was designed to be used to measure the emergence of trust and
confidence during the collaboration (Shorter & Pahuru, 2005c).
The project was divided into three phases to attend to the three sets of
requirements listed above and several of the project goals were accomplished.
Performance bottlenecks were identified by modeling the information flow between
server and client. A number of potential bottlenecks were identified and experimental
versions of the software were compiled and tested using JProfiler to determine what
issues were the most acute.
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A solution of using connection pooling with a MySQL database was found to
improve performance when many concurrent connections were present. This solution was
however not implemented since it would mean that the interface for managing users and
groups provided by MS Access would not longer be available.
An issue was identified where the application would continuously reload the textures
needed when playing back a scene. This issue was fixed by caching the textures which
caused a noticeable improvement in performance on the client side. No significant
difference could be determined by upgrading the third-party libraries and Java virtual
machine and it was concluded that differences in hardware specifications could have been
a factor in the differences in perceived usability between locations in the 2002 trials
(Shorter & Pahuru, 2005b).
The diagnostics subsystem proposed for continuous monitoring of the system was
not delivered since it was determined to fall outside the scope of the evaluation(Shorter
& Pahuru, 2005a). The proposed enhancements for the avatars to express emotions was
neither implemented due to the time constraints for the project.
1.5. 2005 and 2006 Trials
Teamlink was used as the focus of an assignment in the 2006 edition of the
Collaborative Computing paper given at Auckland University of Technology.
The aim of the assignment was to get hands on experience in setting up technology
for computer mediated communication and to design and implement an investigation of
human behavior in virtual collaborative environments. The students were required to
construct a set of icebreaking activities and a set of criteria for evaluation of the
effectiveness of the activity. Effectiveness was to be evaluated in a topic related to early
group development, such as trust ("Assessment One, CMC: Experimental design activity,
Collaborative Computing and Workflow," 2006). From this assignment, a number of
reports were submitted by the students from which some useful insights can be gained.
Some quotes from students taking part in the assignment follows below:
We found a limited set of choices in the avatar scheme. Changing the color
of the avatar façade is not necessarily personalization to the fullest extent.
Uploading an image (e.g. photo) and using this on body of the avatar
maybe a better configuration option.
Anonymous student taking part in 2006 trials.
We found when we were looking through sequences already posted that it
took far too long to watch the avatars move around on the screen. It is far
quicker and easier to scan through what has been written in the messages.
Anonymous student taking part in 2006 trials.
We were really just using Teamlink as a conventional discussion board: all
we wanted to do was communicate and what the avatars were doing was
largely irrelevant.
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Anonymous student taking part in 2006 trials.
Some of the students experienced technical difficulties with the software which
caused them to conduct the activities in the same lab and at the same time. This further
brought to notice that the application was not designed to be used in a synchronous
manner as newly submitted sequences were not downloaded automatically. The students
solved this by submitting their sequence and then called out (to the other students in the
lab) that they were done so that another student could log in. This of course, completely
contradicts the intended use of the application.
Many of the activities were inspired by the sociometric readout model where
participants positioned their avatars on a stage in relation to some question, such as: ”Do
you prefer big or small ball sports?”. The avatars then located themselves on the stage left
for the preference of big ball sports and right if they preferred small ball sports (figure
17).

Figure 17 Example of a sociometric readout from Teamlink. Team members are aligned
according to how many hours per week they are able to dedicated to the team
Some groups identified the need for an increased ability for facial expressions of the
avatars. Others commented on the limited set of primitives available in the environment.
One student points out:
These objects can not be placed on top of each other, e.g to build walls,
doorways or houses. (I found this out early on and was quite
disappointed). I also found that avatars can’t interact with these objects in a
realistic way because they can walk or run right through them. This means
that it is not possible to build a maze for navigating through (one of my
early ideas for a possible activity).
Anonymous student taking part in 2006 trials.
This student was clearly looking at the 3D environment presented by Teamlink
expecting that it would allow him to interact with objects on the scene in a similar way to
other 3D environments such as computer games.
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1.6. 2009 Evaluation and Development
From a thorough look on previous articles related to Teamlink, in earlier chapters,, on
unpublished student assignments and from handling the software we have performed an
evaluation of Teamlink concluded in chapter 1.7. The main insights from this is how
Teamlink was used as an application, using complementing technology to communicate or
disregarding the 3D interface of the application and just use it in the same way an online
discussion board is used.
An experiment on using Teamlink to gain additional insights and feedback from the
participants were conducted. The setting of the experiment was an in classroom session
where Teamlink was used in a role play scenario, simulating real use by a virtual team.
From the experiment we got good response as well as support for some of our theories
on what should be improved in Teamlink.
The main work done on Teamlink was to update it to the most current versions of
Java, Java3D, Apache Tomcat web server and Java Servlet Specifications. The upgrade was
carried out successfully and Teamlink is at the time of writing up to date.
1.7. Outcomes of Research on Teamlink
As one students points out, the biggest problem is the strict asynchronous nature of
the Teamlink icebreaker:
...the biggest problem with these projects is still the difference in time.
Because a real time icebreaker would work so much better.
Anonymous student taking part in 2002 trials
Of course, the frustrations expressed towards the asynchronous icebreaking activities
are not caused by the Teamlink software itself. They are merely a reaction to the difficulties
involved in performing activities that normally involve frequent communication and
feedback, over a long time span. More relevant to Teamlink however are the issues raised
concerning the inability to use Teamlink in a synchronous manner if the team members
should happen to be online at the same time (which is quite likely to occur). This is a fault
that is present by design and it has lingered since the first development phase.
Despite the development in 2004-2005, Teamlink still exhibits some performance
bottlenecks that are yet to be identified. The latest trial conducted in 2006 also suffered
from technical difficulties.:
[...]in short, instability, poor response times and bad instructional design
kept participants at bay from being able to maneuver their avatars with
ease and participate fully in the icebreaker activities.
(Clear, 2007)
The most valuable outcomes of the student assignments from 2006 are those related
to how Teamlink worked as an application. Student accounts of their use of the application
often tell of how they have used supporting technologies such as email and instant
messaging to agree on how and when meetings should take place in Teamlink. Much
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informal communication has thus likely been carried out outside of the Teamlink
environment before the actual ice breaking activities had been carried out. Thus we argue
that it is very difficult to determine the effectiveness of Teamlink as a tool to conduct ice
breaking activities based on the layout of the assignments. These teams had also met
previously in person and had already likely bonded to varying degrees. Their comments on
the features and usability of the software are however valuable for future development of
Teamlink.
The richness, or lack thereof, of the 3D environment caused some teams to disregard
the actions of the avatars and use the software as a regular discussion board. The students
noted that the personalization options were rather limited. Further, some groups pointed
out that the avatars did not interact in a realistic way since they did not face one another
when speaking. This indicates that the process of creating sequences and moving the
avatars around is not implemented in a way that is comfortable enough. Our own
experiences of using the software also support this.
The 2002 trials provide some support that Teamlink at least provides a more fun
environment to interact in. The teams that used Teamlink were more similar to real Virtual
Teams as they did experience time zone differences and had not met before in real life.
The technical issues with the software in these trials were a major obstacle but the virtual
environment did at least show some promise as a tool for ice breaking. Student
evaluations in 2006 however could not conclusively support this statement.
1.8. Future Directions for Research on Teamlink
In conclusion, a number of trials have been conducted using Teamlink and the most
commonly highlighted issues have been related to performance and reliability. We
experienced reliability issues even when running the rather simple role play (see chapter
2.3) as part of our evaluation of Teamlink. Thus, we argue that before any further research
is considered, the technical issues needs to be resolved.
Throughout the years a number of suggested improvements have also been identified
(see chapter 4), which would make the interface easier to use and enable a wider range
of possibilities for interaction. We argue that some of these improvements should be
considered and implemented before any new trials are run using the software.
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2.

Role Play with Teamlink

This chapter describes the opportunity we were given to let a group of students at
AUT get hands on experience with the Teamlink software. After we had managed to get
the client and server up and running and having deemed it to be stable enough for a
larger trial, we had an opportunity to involve students taking the Collaborative Computing
paper. We saw it as a perfect opportunity to present some of our work so far and to get
some opinions on the suitability of Teamlink for performing asynchronous icebreaking.
With Teamlink not having been used in an experimental setting since 2006, we thought it
would be beneficial to demonstrate it to students that (1) have a greater experience of
more modern tools for computer-mediated communication and (2) are aware, through
their studies in the Collaborative Computing paper, of the complexities in working in
Virtual Teams. The students were at the time involved in group work where they
examined data from previous collaborative trials between AUT and Uppsala University.
Our supervisor was kind to grant us one hour to present our work and to run a
short role play exercise followed by a group discussion. The experiment was carried out
on October 7, 2009.
2.1. Method
Since we did not have access to the students for more than one hour we had no
ability to let them try Teamlink as real members of a Virtual Team that were separated by
time differences. The preferable setting would have been to let them form Virtual Teams
and assign them a task and have them use Teamlink to get to know each other and use
the software as if they were separated physically. This would require a much larger
timeframe and the collocation of the students as well as the fact that they already knew
each other would cause some severe limitations to the experiment.
Due to these constraints, we decided to engage the students in a role playing game.
We presented them with a scenario, describing an organization that just had assembled a
Virtual Team of employees. The background to the scenario was presented to them on a
set of slides (see figure 18 and 19 below). The physical separation of the members of the
Virtual Team was deliberately exaggerated to highlight the need for a tool that provides
asynchronous communication. The team had six team members with names that we had
made up and we, the facilitators of the exercise, took on the roles of two of the team
members. The four remaining team members were assigned to volunteering students in
the group.
The role play was designed to let participants act out 24 hours of work in the Virtual
Team. Each team member used Teamlink once during their working day to sign in and
communicate with his or her fellow team members. The time zone differences between
team members and the time of day at which they signed in to Teamlink was adjusted so
that they did use the system in an asynchronous fashion.
The first two team members that logged in to the system were to be ”Brett” in
Auckland, and following him, ”Maggie” in Perth. The facilitators acted out their roles in the
scenario as Brett and Maggie and did at the same time demonstrate to the students how
to use the Teamlink software. Then it was time for the students to act out their parts. The

55

four remaining team members were ”Joe” in Delhi, ”Sven” in Uppsala, ”Rafael” in Rio de
Janeiro and ”Elisabeth” in Vancouver.
Background
• A global organization have assembled a team of 6 employees to
work on a product development project for 3 months
• The first task is to get to know each other
The Problem
• Management wanted a team of experienced developers from
each major region in the company
• Team members span all time zones - this is the worst case
scenario!
• Due to the economic downturn and the companys environmental
policy - the team members are unable to meet physically
The Solution
• The team sponsor suggest team members use a tool for virtual
team building
• Teamlink 3D is designed for asynchronous communication in a
virtual space

Figure 18. The role play, as described to the participants of the
experiment
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Figure 19. Illustration of the separation of the Virtual Team members in the scenario

2.2. Setup
Before running the experiment in class some setup was required. The steps we went
through to configure the role play are described below:
1. Deciding upon an activity - Due to the chosen method, role play, an activity to
perform for the participants had to be designed. The activity chosen was to, trough
the use of Teamlink, show the rest of the team how many hours each week each
member had available for them to allocate to the project. The activity was chosen in
according to some of our findings that activities which help to establish common
ground and an understanding of fellow team members situation are useful in the early
life of the team.
2. Setting up the project - We accessed the Teamlink database using Microsoft
Access to create a new project for the activity. We also created a project for us to try
out the activity before the students arrived.
3. Adding members - We created the users Brett, Maggie, Joe, Sven, Rafael and
Elisabeth and assigned them all with a password. Brett was made an administrator and
access rights to the role play project were given.
4. Setting up the activity - We used Teamlink to log in as Brett into the project and
to set up the activity described in the step 1. This was done by adding two spheres,
one on either side of a room and labeling them “Zero” and “Forty”, representing the
hours one had to allocate to the project.
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5. Installation of Teamlink in classroom - Prior to the session, we downloaded and
tested the Teamlink client, making sure a connection could be established with the
Teamlink server.
6. Testing - We set up the same activity as we would use in the role play, and played
through the scenario with the Brett and Maggie characters.
Following the enactment of the role play, the students were presented with a set of
questions for discussion in the group, see figure 20 below.
Points for you to discuss
• Comparison to the icebreaking in class
Remember the sociometric exercise in first class?
• Usability of Teamlink
User friendly? Intuitive?
• The activity itself
A good way to get to know about each other?
• Effectiveness of asynchronous team building
Compare with your experiences from your assignments
Figure 20. The set of topics for discussion presented to the class.

2.3. Findings
The experiment went well apart from some technical issues with the demonstration
of creating the first activity in Teamlink. Fortunately, we had a backup activity prepared, so
we could continue with the experiment according to the scenario. The discussion was
loosely based around the questions in figure 20.
Usability
Just by observing the students interacting with the application, we got the impression
that they quickly understood how the application worked and they could quite easily
figure out how to record a sequence and submit it to the activity only by having seen it
being demonstrated a few times. The only issue we could perceive was some confusion
around how the ”appear”-button worked.
Several suggestions were made for how to enhance Teamlink to make it more user
friendly and appealing. One suggestion was to incorporate more functionality into the 3D
view to avoid having multiple panels and tabs in the application. Further enhancements
such as having a timeline that visualizes the order of interactions were deemed helpful.
The students also suggested the addition of more options for personalization such as
colors, clothing and the ability to express a wider range of emotions.
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Positive feedback was given regarding the ability to play back the sequence. This led to
a feeling of having the other members present, even though they had recorded their
sequences beforehand.
The activity
A discussion around the activity performed yielded that perhaps a more complicated
activity may be better for team building. The activity should require plenty of interaction
and should aim to utilize the skill set of all participants.
When asked to compare the activity with the activity performed in class earlier
during the semester (students were then asked to locate themselves in the classroom
according to where they were from - north to south) they deemed the activity in
Teamlink to be more ”effective”. Students also expressed that you may be more inclined
to participate if you are a bit shy. The real life activity however would create more
opportunities for interaction with your team members. The Teamlink environment did
allow participants to express their emotions more freely using the sequence primitives in
the applications. You had a greater freedom to ”fool around”.
Students expressed concerns about how you could be sure that your colleagues
would log in and participate in the exercises. There might need to be a set of incentives or
”punishments” for participating or not participating in the exercise.
Attributes of Teamlink
One participant in the experiment expressed positive feedback concerning the ability
to show discussions as sequences rather than just presenting all data at the same time. He
said that it provided a perception of co-presence by the other members even if they
clearly were not logged on to Teamlink at that time.
2.4. Conclusions
The findings regarding the expression of emotions in Teamlink versus real life made us
come to a conclusion regarding the richness of the media. While real life may allow for a
richer set of emotional exchanges, people may be more reserved in their behavior when
participating in face-to-face activities. In contrast, the virtual world may not provide as rich
abilities for expression of emotions but people may feel more inclined to loosen up and
to express themselves. In that sense, the virtual world may be a better place to engage in
team building activities if team members feel more comfortable expressing themselves.
Students called for more complex exercises to enable team building. The simplicity of
the demonstrated activities is inherited from the limitation of the types of primitives
available in Teamlink. Thus, we argue that more complicated activities are hard to design in
the current version of Teamlink.
It is our conclusion that many of the improvements suggested by the students would
be feasible to implement in Teamlink, such as adding the ability to express more emotions
or to enhance the 3D-view, without affecting the overall design concept of the software.
Such additions would add more richness to the current activity-model.
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3.

Teamlink as a Tool for Virtual Team Building?

As we have seen in the examples from student assignments and from Teamlink trials,
the activity where team members aligned themselves in the virtual space - the
sociometric readout activity, was the most frequently implemented activity. With the
limited set of primitives available in the current implementation of Teamlink, this is about
as complex as an activity can be designed. We can confess to the effectiveness of this
activity as a way to promote spontaneous interaction between members of a group in
real life. It is often used in a classroom setting when introducing students taking a certain
course to one another. However, we argue that the translation of this particular activity
into the virtual space introduces some difficulties which affects its effectivity:
• In a face-to-face environment, people are required to interact with every person
they meet as they try to find their place on the scale. In Teamlink, it is easier to just read
in the discussion thread where the other members have aligned themselves and then
position themselves accordingly. There is thus less communication and information
interchange required when performing the activity in the virtual space.
• In the face-to-face environment there is a facilitator that monitors and guides the
group as they perform the activity. The facilitator can stimulate discussion by asking
questions to people as they align themselves on the scale. Having a very active facilitator
in the virtual space could have the same effect, but adding the interaction with a
facilitator in the asynchronous environment would likely cause the activity to take even
longer.

4.

Suggested Improvements

From working with Teamlink, conducting experiments and based on the literature
review we have arrived at some suggestions for further improvements. Under ”Added
Features” (chapter 4.1) we look at what new functionality could be introduced and under
”Technological Improvements” (chapter 4.2) we look at what changes can be made to the
architecture and underlying frameworks.
4.1. Added Features
After reading about what makes a CVE or a Virtual World appeal to its users one of
the key concepts identified is to allow the users to have control and things to do. With
this in mind, we suggest to allow the creation and removal of objects as part of sequences
and thus putting more creativity in the hand of the users.
To improve the communicative aspects of Teamlink we propose that text from all
sequences of an activity is visible, not just the current sequence and that clicking on one
line of text should fast forward the 3D scene to that state of the thread.
Based on findings from our literature review and from feedback from the role play,
we propose that the abilities to modify ones avatar should be enhanced. Adding more
faces to chose from may be a simple alternative. Also the attention of the avatars
headwear brought up in the literature review encourage the addition of more hats and
hairstyles. Perhaps moving away from the LEGO-style avatars all together would enable
richer means for customization.
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The focus of our evaluation has not been user interface design but previous research
and feedback from participants of the role play indicate that a new control scheme for
interaction with the avatars is needed.
One proposed scheme, inspired by other CVEs and by 3D games, is to allow the user
to interact directly with the avatars by pointing and clicking in the 3D space. The user
could click on a location in the room and in a pop-up menu select to move to that
location. In a similar manner, different options for interaction with other avatars could be
presented by clicking on them. Emotions and gestures such as “wave to: XX“ and “smile
at: XX” could be listed in the popup menu.
Such a scheme would make the sidebar in Teamlink, currently used to record
sequences and to move the avatar, obsolete. This would in turn free up space in the
interface, leading to a larger view of the 3D space. Further we argue that people
comfortable with games and other 3D environments would feel more at home in
Teamlink should such a control scheme be implemented. Technically such a change would
not be too complicated since Java 3D allows for manipulation of objects in the 3D space.
It would however require a careful design phase to implement a control scheme which is
easy to use and yet powerful.
Another issue identified in the role play is that avatars are not facing each other
when speaking, disrupting the feelings of connectedness between parties involved. A
possible solution for this could be to have the lego head turned automatically towards the
closest avatar within a certain threshold. Another alternative is to further highlight the
“turn” action or in union with a revamped control scheme, with a “turn towards: “ action.
One change that would be trivial to implement would be to remove the “Walk”
movement because it is too slow when considering the size of the rooms in Teamlink. We
further argue that in an asynchronous environment, where no two avatars will move at
once, there is little use for two different speeds.
In the current state it is not possible to connect to the Teamlink server from within an
environment where an HTTP proxy, which requires authentication, is used. This causes
problems when for example attempting to run Teamlink from the public internal wireless
network at Auckland University of Technology. Implementing an enhancement which
allows the user to enter a username and password for the proxy is deemed to be
relatively straightforward.
4.2. Technical Improvements and Bug Fixes
A feature already marked for future development during the first iteration of
development was the periodic polling of the server for new data. Implementation of this
feature would remove the hard coded asynchrony of the application and would enable
interaction between users if they happen to be online at the same time. In its current
state the program only polls the server when logging in or when submitting own content.
We propose that the application instead would poll the server once every second or at
some other suitable interval. At each poll the application would check for changes in the
database, for example by counting rows in the database and comparing that to available
content. Changes to the database could then be pushed to the client.
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There currently is a bug in Teamlink causing the heads of the avatars to appear as
black instead of yellow, which is the default color‚ on certain hardware. Even though this
issue existed when Java 3D version 1.3.1 was installed, it still remains. A suspected cause
for this is how different graphics drivers interpret the Java 3D implementation, but it may
also have its roots in the Teamlink code.
Java 5 and 6 introduced many features to make code more readable with features
such as simplified for-loops, generic types, type safe enumerators and enhancements to
the SWING graphics library. The work required to make use of the new features where
possible can be substantial but if further development is planned, should be done at some
stage. The refactoring requires a developer with enough knowledge about the new
features and where they can be applied and will take much reading and editing of code to
perform. There can also be a risk in doing this refactoring, as there always is in changing
code but while maintaining the exact same functionality, that the code will work slightly
different if not done properly. To ensure preservation of functionality a comprehensive set
of unit tests should be used as a complement to the now existing runtime testing.
We also propose to shift towards a platform-independent database backend to allow
the software to be hosted on other operating systems than Windows. Associated with
this is the recommendation to develop a user and project management tool as a
substitute for the Access forms currently used. This tool could either be a part of the
Teamlink client or could come in the form of a separate application altogether. Although
there are issues with this approach in determining how this external tool has enough
privileges to alter the database, especially with the remote access option. By our
estimation, a good start is to continue to keep the database access local to the server
computer but using a free standing application to do user and project additions, thus
removing the need to modify the existing server or client. This application can be
developed without first converting to another database thanks to the layered structure of
the database drivers (JDBC <-> ODBC <-> chosen DB).

5.

Recommendations for the Future of Teamlink

Having outlined the strengths and weaknesses of Teamlink and having reviewed
literature on Collaborative Virtual Environments, we like to conclude by giving some
recommendations to our client for the future of Teamlink.
Looking at Teamlink purely as a platform for virtual ice breaking and in extension
team building, we argue that the move to a more competent platform for these activities
should be made. This is motivated by the limitations imposed by the rather primitive 3D
environment provided by Teamlink. Competing CVEs such as Second Life provide much
richer forms of communication, avatar design and abilities to interact with the
environment.
While Teamlink is unique in the sense that it is designed with asynchronous
interaction in mind, there is no support for synchronous interaction should users happen
to be online at the same time. This is a major weakness which needs to be addressed
should the decision be made to carry on development of Teamlink. We argue that
competing platforms, again such as Second Life, provide support for the implementation
of asynchronous interaction and could thus be used as alternatives.
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If the client wishes to keep Teamlink as a foundation for future software development
projects there are a number of improvements and changes that could be made. We have
outlined these in chapter 4. We would however advice against putting Teamlink in the
hands of students with the purpose of teaching them Java programming. This is simply
because the code is old and does not make use of the past 8 years of enhancements to
the Java frameworks. Other open source platforms are readily available (see chapter 3.5)
which could just as well be used for collaborative software development projects.
So to conclude, if the ambition is to use Teamlink in research, investigating the
effectiveness of virtual team building activities, we see quite a lot of maintenance that
needs to be done before it is ready to be deployed in that setting. Even if the
improvements are made and performance issues are resolved, we still cannot motivate
the use of Teamlink in particular since other CVEs are better suited and readily available.
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A P P E N D I X I : A N N O TAT E D B I B L I O G R A P H Y
This bibliography contains a selection of relevant articles used throughout the
literature review. Articles are sorted according to the topics for which they are most
relevant. The annotations contains a summaries of the main points of the articles and a
brief discussion around the authors where such information has been available as well as a
discussion of the relevance of the article to our work.
Teams and Groups
McGrath, J. E. (1991). Time, Interaction and Performance (TIP): A Theory of Groups. Small
Group Research, 22(2), 147-174.
This article presents a new theory of groups and how they work. According to the
author there is a need for a theory that is designed for naturally occurring groups.
Previous group theories have been based on research in the laboratory environment with
small, static groups, focusing on a single simple task and whose lifespan have been short.
The theory is one of a number in a paradigm of new theories which takes into account
more of the social, physical and temporal context of the group. Groups are said to be
involved in modes of activity that are related to one of three functions; production, wellbeing and member support. Transcending these group functions are a set of modes;
inception, problem-solving, conflict resolution and execution. These modes are said to be
potential and not required forms of activity. A team follows a path between different
modes across the group functions but not all modes need to be traversed throughout the
lifetime of the group. Considering these definitions, a total set of 12 propositions on group
work is presented.
The author suggests further research to take a systematic view on group changes
such as members entering and leaving the group, task changes and changes of
circumstances. The greater flexibility of the underlying paradigm also allows for a richer
discussion of acts occurring in the group. Lastly, TIP theory enables a better understanding
of how changes in group communication systems will affect the group.
Joseph E. McGrath was, at the time of writing, a professor at the University of Illinois
and he had been involved in group studies for 38 years ("Vita: Joseph Edward McGrath,").
This article, as well as other work by McGrath, has since publication been cited frequently
in articles and books on small group research that we have come across. The article
presents a theory that contrasts other team development theories by being more flexible
and identifying the notion that not all teams go through the same life cycle.
Cummings, L. L., & Bromiley, P. (1996). The organizational trust inventory (OTI): development
and validation. In R. M. Kramer & T. R. Tyler (Eds.), Trust in Organizations: Frontiers of
Theory and Research (pp. 302-330): Sage Publications.
This article introduces an instrument for measuring organizational trust. The article
describes how the instrument was developed and validated. The instrument is used to
measure trust between units in organizations or in between organizations. Three
dimensions of trust in between individuals or groups of individuals are measured; the
expectation that other individuals or groups of individuals keep commitments, that they
behave with honesty in whatever negotiations they participate in, and that they do not
take excessive advantage of the other even when the opportunity is available. These
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dimensions of trust are measured against three components of trust; the affective state the way people feel, the cognitive state - what people think and against the intended
behavior. The instrument consists of a survey and the authors present how the survey
questions were designed and validated to ensure that answers were reflected across all
dimensions and upon all the components. The process resulted in one longer and one
shorter instrument where the shorter consisted of only 12 questions. The authors
summarize their analysis by stating that the instruments have proven to be valid and that
they should be well suited to measure the prevalence of trust within and between
organizations.
The authors have published a number of papers in organizational psychology and this
specific paper is one of the most cited papers we have included in our review, with over
400 citations according to Google Scholar.
Mathieu, J. E., Goodwin, G. F., Heffner, T. S., Salas, E., & Cannon-Bowers, J. A. (2000). The
Influence of Shared Mental Models on Team Process and Performance. Journal of Applied
Psychology, 85(2), 273-283.
This article aims to experimentally verify the validity of the concepts of shared mental
models. Specifically the authors look at trying to distinguish between task and team
mental models. Further they examine the influence of shared mental models on team
processes and performance. Finally they are interested in how shared mental models and
team processes and performance develop over time.
The research is based on a study of 56 two-person teams that engaged in flight
simulator exercises. Teams were judged by their performance in the missions, team
processes were observed and recorded on videotape, mental models were assessed by
letting teammates rate the relationships between attributes of team and task mental
models. These relationships were recorded in a matrix for each team member and upon
comparing matrices, sharedness of mental models could be measured using a correlation
index. The repeated running of the experiment made it possible to measure the
convergence over time of these relationships.
An analysis of the results show that there is a distinction between task and team
mental models. Sharedness of team mental models had an impact on team performance.
The study also indicated that specifically team processes did improve over time but that
neither mental model showed greater convergence. The conclusion is that similarity of
knowledge structures between team members does predict the quality of team processes
and performance. The authors recommend further research into intervention strategies
for the development of shared mental models.
The authors appear frequently in citations and papers on team effectiveness and
team process. The Journal of Applied Psychology is deemed as one of the leading journals
within industrial and organizational psychology.
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Virtual Teams and Effects of Virtual Teamwork
Bradley, W. E., & Vozikis, G. S. (2004). Trust in Virtual Teams. In S. H. Godar & S. P. Ferris (Eds.),
Virtual and Collaborative Teams: Process, Technologies and Practice (pp. 99-113): Idea
Group Publishing.
This book chapter discusses the role of trust in Virtual Teams. It builds on empirical
research which indicate that trust is probably the most important element for success in
Virtual Teams. The majority of the chapter discusses how to build and maintain trust in
Virtual Teams from an organizational level, the team leader level and from the individual
team member level. The authors identify traits and behaviors that are desirable within
these entities for trust to grow. The authors conclude that more research is needed in
areas concerning the appearance and development of "swift trust" and that research
needs to be conducted from both the rational and social perspectives.
The article is relevant to us since it deals with trust, an important factor for team
success. It does not only state why trust is important, but also how it can be established
and maintained on several levels of an organization.
George S. Vozikis is a senior researcher at the Univeristy of Tulsa. He has a large
number of publications within the fields of entrepreneurial studies and management. Wray
E. Bradley also at the University of Tulsa, have a number of published articles on
accounting, information systems and management.
Cuevas, H. M., Fiore, S. M., Salas, E., & Bowers, C. A. (2004). Virtual Teams as Sociotechnical
Systems. In S. H. Godar & S. P. Ferris (Eds.),Virtual and Collaborative Teams: Process,
Technologies and Practice (pp. 1-19): Idea Group Publishing.
This book chapter aims to review and synthesize literature on group productivity,
motivation and shared mental models. Theories from organizational psychology are
integrated with a sociotechnical systems approach to present a framework of group
productivity in Virtual Teams. The framework consists of input-, throughput- and output
variables. The components of the framework are presented with an emphasis on the
throughput variables which include process loss, motivation and shared mental models.
The authors suggest a set of practices that can be applied as pre-, in-, and postprocess interventions to strengthen team member attitudes and productivity. These
actions are meant to counter the limitations imposed by the technological subsystem on
the personnel subsystem and to strengthen motivation and to reduce team opacity.
Further research is suggested on the sociotechnical factors which hinder team
productivity and on attempts to understand the team dynamics that emerge in Virtual
Teams. The conclusion is that research needs to look at both the technological and the
personnel subsystems, i.e. staff practices and the supporting technology to be able to
leverage the advantages that Virtual Teams can offer to the organization.
This article has been included since it covers many factors of importance in Virtual
Teams such as motivation, team efficacy and team opacity and it covers them from a
different perspective.
The authors appear frequently in research on teams. Their research interests include
knowledge structure development, cognitive and organizational psychology and human
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system integration. Previous work by Cannon-Bowers and Salas on Shared Mental Models
have been widely recognized.
Lane, M. T., & Ågerfalk, P. J. (2009). Experiences in Global Software Development - A
Framework-based Analysis of Distributed Product Development Projects. Paper presented
at the Fourth IEEE International Conference on Global Software Engineering, Limerick,
Ireland.
The article presents the findings of a study on the use of Global Software
Development teams (GSD) in one U.S company during 1998-2005. The authors use a
previously published framework to structure challenges within dimensions of distance and
process. In particular the framework addresses temporal, geographical and socio-cultural
distances and examines their effects in processes in control, coordination and
communication. Lessons learned include ones stating that care needs to be taken when
configuring dispersed teams. Managers should monitor communication to ensure that
practices that have proven useful is maintained. There also needs to be an awareness of
how communication is carried out for example in creative processes versus review of
work.
This article have been included since it presents a framework for issues in global
software development teams that we have found to be relevant for Virtual Teams in
general. The framework was originally presented in 2005 by Ågerfalk, Fitzgerald,
Holmström, Lings, Lundell and Conchuir and this article uses the framework as a device to
analyse experiences by Ågerfalk in GSD projects.
Mansour-Cole, D. (2001). Team Identity Formation in Virtual Teams. In M. M. Beyerlein (Ed.),
Virtual Teams: JAI.
This book section aims to introduce a model of identity in Virtual Teams. Social
identity theory is used as a framework to test ideas about virtual collaborations. The
theoretical backgrounds of Virtual Teams and Social Identities are presented. The author
uses the metaphor of the assembly of a mosaic in order to better understand Virtual Team
development. She then goes on to translate the metaphor in terms of social identity
theory and with the help of related research she suggests a set of propositions on how to
develop a team identity.
The article has been included since it addresses issues on virtual team building. The
idea of having team members engage in exercises that develop the team identity is a
useful proposition when designing these activities.
The author suggests that early team building exercises should focus on task
accomplishment. This is to get a sense of the teams worth to potential members. This is
closely related to the definition of team efficacy included in our review as presented by
Lindsley et al. (1995).
The author is an associate professor at Indiana University where her research
interests are leadership and teamwork. Previous publications have focused on
organizational changes from a leadership perspective, career development and leadermember relations.
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Martins, L. L., Gilson, L. L., & Maynard, M. T. (2004). Virtual Teams: What Do We Know and
Where Do We Go From Here? Journal of Management, 30(6), 805-835.
The article is a review of 93 articles in virtual team research. It reviews findings in
research according to the I-P-O framework (input-processes-outcomes). It finds virtual
team research still to be on an early stage but showing significant promise. Research so far
have focused on task type, time and social context of virtual teams. More research needs
to be conducted outside of lab-environments (moving away from using students as
subjects).
It concludes by giving directions for further research, e.g that research needs to move
beyond simply comparing virtual teams to face-2-face-teams and that a theoretically
grounded foundation for Virtual Team-research needs to be established.
The paper is one of the most recent studies taking a holistic view on the field of
Virtual Teams. It is cited by more than 200 papers according to Google Scholar. The
Journal of Management is one of the highest ranked journals within business and
management.
The authors come from a research background in management and organizational
behavior and previous work has focused on the effectiveness of teams in the workplace
and how new information technologies affect organizational arrangements and processes.
Millward, L. J., & Kyriakidou, O. (2004). Effective Virtual Teamwork: A Socio-Cognitive and
Motivational Model. In S. H. Godar & S. P. Ferris (Eds.), Virtual and Collaborative Teams:
Process, Technologies and Practice (pp. 20-34): Idea Group Publishing.
This article aims to redefine the Virtual Team as a psychological entity, residing in the
minds of the team members. The authors motivate this redefinition due to the realization
that many virtual team models fail to take into account the dynamic and dispersed nature
of the Virtual Team. The article presents the traditional challenges of the Virtual Team and
relevant background research on the topic.
The authors have performed interviews with 40 self-classifed ”experts” in the area of
Virtual Teams in addition to running two focus group discussions addressing virtual teambuilding problems. The results from these sessions are presented as three insights about
understanding the virtual team: That the existence of a virtual team is located in the minds
of its members and stakeholders - it is to be viewed as a psychological team as opposed
to a physical entity. Further there is a need to distinguish the causes of Virtual Team
success from the indicators and results of success. Much of these causes are within control
of the self-regulatory team. Lastly there is the need to capitalize on the learning
environment of the Virtual Team. This is accomplished through a development of Shared
Mental Models and having team members who are skilled in teamwork.
Following these insights is a redefinition of the Virtual Team and what is an effective
Virtual Team. These definitions focus on role-awareness, self-regulatory capability and
shared knowledge within the team. At the end, the authors identify ten causes of virtual
team effectiveness that remain constant in all Virtual Teams. The conclusion is that Virtual
Team development interventions should focus on the causes of effectiveness rather than
on team processes.
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The authors hold similar research interests in application of psychological research in
organizational contexts. Even though citations of the article have not been found, it has
been included since it presents good advice on Virtual Team Development. It incorporates
many theories covered elsewhere in the review such as the Shared Mental Models
concept (Mathieu, et al., 2000) and it also ties in to the Mutual Knowledge Problem
(Cramton, 2001).
Computer Mediated Communication
Bordia, P. (1997). Face-to-face versus Computer-mediated Communication: A Synthesis of the
Experimental Literature The Journal of Business Communication, 34(1), 99-120
This is a review of 18 experimental studies that compared face-to-face with
computer mediated communication. The articles are drawn from a range of psychological,
business and communication databases. Most of the studies used student subjects and the
studies varied in task complexity and timeframe. The findings of the review are listed as
ten propositions with the supporting/negating research attached. Findings include that
CMC groups takes longer to complete tasks, that CMC groups perform better on idea
generating tasks, there is reduced normative social pressure in CMC groups and that there
is a higher degree of uninhibited behavior in CMC groups.
The discussion on these findings bring out some important limitations; the research
carried out on relatively inexperienced students may have little or no relevance to
business settings. There is also support for the idea that the mindset of mostly college
students in late adolescence may be contributing to the finding of higher degrees of
uninhibited behavior. These characteristics include weaker group and social ties. Further,
the perceived time pressure in the experimental groups may also have contributed to the
degree of uninhibited behavior. A point is made that research also indicates that given
enough time, CMC groups will perform as well as F2F groups.
In concluding, the author identifies two major themes that have emerged from the
research. The performance of CMC groups is limited due to technical constraints affecting
primarily tasks that require interdependence. Finally, the CMC medium is found to be of
more egalitarian nature, suggesting that it will help remove social barriers while at the
same time may breed uninhibited behavior.
Prashant Bordia is a researcher in organizational behavior and human resource
management. He was affiliated with the University of Queensland at the time of writing
and is now at the University of South Australia. This review has been referenced in a
number of journals since its publication.
Piri, A., Niinimäki, T., & Lassenius, C. (2009). Descriptive Analysis of Fear and Distrust in Early
Phases of GSD Projects. Paper presented at the Fourth IEEE International Conference on
Global Software Engineering, Limerick, Ireland.
This paper examines the prevalence of fear and distrust in 8 global software
development projects in two companies located in Finland. Previous research on fear and
distrust is reviewed. Research data consisted of interviews made with employees located
both onsite in Finland and in the offsite location. The researchers found a link between
fear and distrust between the onsite and offsite employees. Fear originated in the
uncertainty of about employees future place in the project which was a cause for distrust
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towards their offsite colleagues. The lack of trust was found to originate from
disappointment with decisions of upper management but the distrust was in effect
directed towards their offsite colleagues causing a highly ineffective work environment
with a lack of communication and information sharing. The authors conclude by stressing
the need for efficient management of organizational change when projects are
transformed into global software development projects.
The article has been included since it illustrates the worst case scenario of what
happens in a team where low levels of trust are present. In this case, low trust led to
suspicion and fear.
The paper was presented at the Fourth IEEE International Conference on Global
Software Engineering, a relatively young conference, but one which have proven to attract
researchers having experience from the real world of global virtual teams.
Space and Place
Harrison, S., & Dourish, P. (1996). Re-place-ing space: the roles of place and space in
collaborative systems. Paper presented at the CSCW '96.
By discussing space and place and comparing the use of space and place in existing
CVE and media space systems, Harrison and Dourish argue that activities and
cooperation are performed in place rather than in space. The principle conveyed by the
article is ´that “Space is the opportunity; place is the understood reality”. The basic
properties of spatiality are presented and then the authors argue that relying solely on the
spatial design is not enough to create successfully interactive environments. Chapter 5 of
the article highlights the importance of appropriation and adaptions to transform, in this
case, a media space into a place. Some issues regarding privacy in media spaces are raised
and discussed. Another main point of the article is that place is not in the technology, in
the same way it is not in the buildings and geometric aspects of physical environments,
instead it is in how we interact with the aid of our environment. The authors also present
a lengthy discussion of media spaces and other hybrid spaces. The authors conclude by
stating that virtual environments with virtual offices and virtual desks are populated with
real people that need to interact in technology assisted environments.
The article has been frequently cited and is one of the articles that was first to put
focus on the “Space and Place” discussion within the CSCW field.
It is easy to find references to this article in the CSCW and CVE literature and it is
often cited as the article that makes the definition between space and place (Benford, et
al., 2001).
Dourish, P. (2006). Re-space-ing place: "place" and "space" ten years on. Paper presented at
CSCW'06.
In this article, Dourish revisits the concepts of Place and Space taking into account
the recent developments in both CSCW research and mobile technologies. Back in 1996,
Harrison and Dourish published another article on Place and Space in Virtual
Environments (Harrison & Dourish, 1996) with focus on differentiation between the two
and emphasis on Place. In this article the main focus is on Space and how it too can be
viewed as being brought forth from social interaction and practice in the same way you
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might say Place does. To illustrate this, several arguments and examples are brought up.
The relation between Place and Space is also highlighted more than in the previous work.
The fact that the paper is presented as a follow-up on the original paper published
ten years earlier to, according to Dourish, “capture some of the aspects that were not
sufficiently covered in the original paper”, gives it much weight for contributing to the field
of CSCW. Dourish presence in the CSCW field has increased since the publication of the
(Harrison & Dourish, 1996) paper.
Stoner, J. (1991). The House of Montisi.. Places, 7(2).
At a visit to the hill-situated Tuscan town of Montisi in Italy, Jill Stoner observed and
reflected upon how the winding streets of Montisi change purpose according to
situations, needs and wants of the inhabitants and passers by. The streets are the space “the opportunity” but the different activities performed in the streets are performed in
different places - “the understood reality”. The environments and multipurpose nature of
the streets or “street rooms” is compared to the typical American home that, according to
Stoner, is lacking character and is thus very hard to appropriate and adapt to.
The article was cited by Dourish and Harrison in the “Re-Place-ing Space” article. The
main point of this article is to illustrate how the streets of the town are used in different
ways according to context. The article manages this well and you really get a feeling for
the settings in Montisi..
The purpose of the article, or rather the adaptions of the streets mentioned within,
are good examples of how humans work and what we require. The fact that adaptability
both of the environment and of our own interaction with it is the main facilitation of
transforming space to place.
Collaborative Virtual Environments
Benford, S., & Fahlen, L. (1993). A spatial model of interaction in large virtual environments.
Paper presented at the European Conference on Computer-Supported Cooperative Work,
Milan, Italy.
This article reviews existing CSCW systems, identifying shortcomings in applications
concerning scalability and usability in an effort to present a framework for interaction in
spatially based virtual environments. The framework relies on a spatial measurement of
distance to control the six abstractions. The Awareness of objects or groups of objects is
determined by proximity, range of the Nimbus and Focus which constitutes the Aura and
the use of Medium and Adaptor objects. This model makes use of affordances in spatial
environments by using placement and orientation of objects to manage interactions. The
article also presents an object-oriented implementation in the DIVE CVE application.
This article has been cited in many other articles and the framework presented has
been implemented to show its practical value. This article and the framework as well as
DIVE, the implementation, has been well used and expanded upon by others.
The Conference on Computer Supported Cooperative Work has a 0.99 ranking
according to http://www.cs-conference-ranking.org, making it a top tier conference in its
field.
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This is one of the earliest, well cited (404 citations according to google scholar, 6
october 2009) works in the CVE field. This article is for example cited in.(Fitzpatrick, et
al., 1996; Harrison & Dourish, 1996)
Churchill, E. F., & Snowdon, D. N. (1998). Collaborative virtual environments: an introductory
review of issues and systems.Virtual Reality, 3(1, March, 1998), 3-15.
From a review of existing CVE systems and observations and discussion about
collaborative work, the authors present the point that CVEs are a good means of support
for collaborative work. The article has four main sections: The first covers the
characteristics of collaborative work. The second deals with conceptualizing CVEs for the
third section which is the actual argumentation of the main point of the article. The last
section is a review of several existing CVE systems. The first section present a few indirect
design suggestions by highlighting the diversity and complexity of collaborative work,
which often requires dynamic views, resource management and activity management to
allow easy switching between individual and collaborative work. In the third section
several arguments are presented that correspond to observed collaborative aspects of
work. Also contrasts CVEs are contrasted against groupware and other CSCW
applications. The article concludes that CVEs work well because of their natural
affordances for collaboration, that they are not temporality bound and that the social
aspects of using CVEs need to be investigated further and accompanied by technological
development.
E.F. Churchill has published a large number of articles that has been included in
several different journals and she is a reviewer for, amongst others: Human Computer
Interaction, The Journal of Human Computer Studies and IEEE Internet Computing. She is
also a regular reviewer and committee member for a number of conferences. Her current
employment is at Yahoo! Research. ("Elizabeth Churchill Homepage,")
Dave Snowdon obtained his PhD from Manchester University, UK after work on a
novel object-oriented multi-user collaborative virtual environment (CVE) called AVIARY.
Between 1994 and 1998 he worked at the Communications Research Group at
Nottingham University during which time he worked on new systems to support CVEs,
collaborative information visualization and public VR artistic experiences which were
demonstrated publicly at the Nottingham Now Ninety6 and NOW Ninety7 arts festivals.
He has also co-chaired three international conferences on Collaborative Virtual
Environment:s CVE’96 (Nottingham, UK), CVE’98 (Manchester, UK) and ACM CVE2000
(San Francisco, USA). ("Dave Snowdon Homepage,")
The article identifies aspects of collaborative work and we find those aspects very
correct when relating to our own previous experiences when working in collaborative
projects, both virtual and co-located.
Jäkälä, M., & Pekkola, S. (2007). From technology engineering to social engineering: 15 years of
research on virtual worlds. ACM SIGMIS Database, 38(4 (November 2007)), 11-16.
In this article, the authors review 46 different articles on virtual worlds. The authors
identify a trend in the field to move from technology and application driven research
during the 90‘s (“the past”) to more social engineering research of 00’s (“the present”).
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A number of topics are identified as the main research topics under each “epoch”
and conclude that the current level of knowledge accumulated concerning the
technological sides of virtual worlds is very high. It is also identified that many studies have
only covered one or two topics but very rarely more and in a contrastive manner. The
authors conclude that further research is needed to provide a holistic view of virtual
worlds and more complex studies must be made on several related topics at once.
In accordance to other articles such as Benford (2001) and Chalmers (2001)
amongst others, the division of research topics into old, current and future, seem to fall
well into those epochs as dictated by this article.
This article was published in “DATA BASE for Advances in Information Systems”,
which is listed as an A-level journal in the Australian Council of Professors and Heads of
Information Systems, IS journal rankings.
Pekkola, S. (2002). Critical approach to 3D virtual realities for group work. Nordic Conference
on Human-Computer Interaction, 31(Proceedings of the second Nordic conference on
Human-computer interaction), 129-138.
With the experience of virtual reality projects, 3D chats and by analysis of current
(2002) CVE applications a discussion centered around human communication is
presented. Some benefits of CVEs are highlighted at first, mainly by acknowledging that
3D interfaces are to be preferred in many information visualization situations as well as
that the sharing of a space, and thereby a place, supports communicative efforts as well as
dynamic resource management, shared documents etc. A list of criticism can be found in
the article. Some quite interesting anecdotal evidence points to a lack of structure in CVE
research and development. The anecdotes from Pekkolas work on a CVE project tells us
that there were no need for a Virtual Reality part of the application with the motivation
from project owners that the experts that were going to be using the software already
knew each other. Another point made by Pekkola is that the main issue with CVEs are
that they are by design self-centric, a user must be actively using the CVE even if the 3D
aspects contribute little to nothing to the task. The article is concluded with the question
of “why is Virtual Reality pushed as a good solution to collaborative promlems?”
The paper was presented at the Nordic Human - Computer Interaction ’02
conference. Pekkola has published a number of articles and is an information and
knowledge management professor at Tampere University of Technology, and an
information systems lecturer at the University of Jyväskylä. His research focuses on
individual users in different manifestations of informations systems, and around
participatory information systems development methods. His main research interests
include CSCW, PD, ISD and enterprise architecture.
The article has quite a different approach to CVEs than others presented in this
review and the claims done is supported by the authors own experiences as well as a
“sound” reasoning. When reading this work in the light of MMO development over the
last years it is obvious that the CVEs in use possess many of the negative traits like bad
animations and poor “camera” control. Most of the issues raised have been dimmed by
technology advancements but the main issue remain: Does the 3D add something that
cannot be done in 2D in a better way? The answer to this could be team building activities
such as those presented in (Ellis, et al., 2008).
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Prasolova-Førland, E. (2008). Analyzing place metaphors in 3D educational collaborative virtual
environments. Computers in Human Behavior, 24 (2008)(2), 185-204.
This article presents results derived from a case study with 16 groups of students. The
students were to explore three different virtual worlds and analyze what different design
principles were in use. In addition to this, the students were also to write an essay with
suggestions on the design of a “virtual campus” for Norges Teknisk-Naturvitenskapelige
Universitet (NTNU) (Norwegian University of Science and Technology). Analysis of the
virtual worlds was done by the students according to the Outlook, Structure and Role
framework.
The results indicate that physical design and layout play minor roles in collaboration
support compared to the means available for communication in the different worlds.
Some changes are also suggested for the framework in use. Throughout the article several
mentions of place occurs, these refer more towards the physical design, the space design,
than to “place” in the meaning of “the understood reality”. Many aspects not captured by
the framework is also acknowledged and given some discussion.Most relevant in this
article is the discussion about how appropriation of a CVE is effected by social factors,
external resources and cooperative support. The results of the study are also used to
redefine a framework for earlier published by the author.
The paper was published in ”Computers in Human Behavior” which is a C-ranking
journal according to ACPHIS and 48/66 place on journal-ranking.com, SIC IS category.
Some of the findings in the study are indicating results that was previously found in
work by other authors such as Gaver (1992) where a confusion around affordances
available in the virtual world and their use is identified. In Gavers study there is the mix of
audio and text in MUDs.
Benford, S., Greenhalgh, C., Rodden, T., & Pycock, J. (2001). Collaborative Virtual Environments:
To what extent is cyberspace really a space? Communications of the ACM, 44(79-85).
The article first introduces CVEs with some background and potential benefits of
using them. They claim that affordances for collaborations apply in the same way in a 3D
virtual context as in the physical world. The affordances for how to use awareness, social
interaction, resource negotiations etc. that stay the same. And this can be used to support
crowded online situations such as trading floors and shopping malls.
Following the introductory chapter are four research. These are: “Scalability and
Interest management”, “Distributed architecture of CVEs”, “Migrating lessons from 2D
interfaces and CSCW”, and “New kinds of human factors”. Each of these are outlined and
often exemplified through implemented CVEs.
There is a section in the article which contains descriptions of five CVEs: DIVE,
MASSIVE, NPSNET, SPLINE and ”The Worlds of the Contact Consortium”.
In the last section of the article, the authors make some suggestions and predictions
about the future of CVEs, stating that “we should see them move closer to mainstream
commercialization”. Future work should focus on extending single-user VR applications
into the multi-user space and online communities and multi media elements could greatly
benefit from integration with CVEs.
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If comparing to what Pekkola and Jäkälä (2007) concludes after reviewing the past,
present and future research on virtual worlds this article could be either be in the end of
the “past” or early “present” and, in accordance with their conclusions about those
“epochs”, the issues identified are both technology- and HCI-centric. This article is
however not included in the references of that article.
The article was published in “Communications of the ACM” journal which is A rated
according to the ACPHIS ranking system. Steve Benford was one of the authors of
Benford and Fahlen (1993), see annotation of that article for further details. Chris
Greenhalgh is one of the people behind the CVEs MASSIVE(1, 2 and 3) and has published
a number of papers in the field.
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APPENDIX II: WORKING WITH TEAMLINK
At the commencement of this thesis, Teamlink had not been running since 2006.
Development was last carried out in 2005. We were given access to a flash drive
containing a backup of the latest installation of Teamlink as well as a CD-ROM containing
development versions and source code of the 2005 development project.
Teamlink is implemented in Java and is using Java3D for 3D graphics, Java Servlet API
for the server communication protocol and it is hosted in an Apache Tomcat servlet
container to make it accessible online. Since 2005, all of these have been updated to allow
future developers to implement new features, better stability and higher usability. There
was also a need to investigate the impact on current software as well as evaluate the
effort to make the current version of Teamlink compatible with the latest versions of Java,
Java3D, Java Servlet and Tomcat.

1.

Preparations

Before commencing with the updates a quite thorough overview was done to gather
information on what had changed in each of the software packages, possible implications
associated with updating, and wether any dependencies had changed. This overview was
established mostly by reading the change logs on official websites as well as searching on
Google for: “updating X from v to v’” and “issues when updating X from v to v’”, where X
is the software and v and v’ is current version and newest version respectively.
1.1. Preparations for update: Java 3D 1.3.1 -> Java 3D 1.5.1
According to the official change log (https://java3d.dev.java.net/), a bug causing crashes
in Windows Vista and Windows 7 environments have been fixed with this update. This
was a very important update in respect to deployment on a large number of systems
since, even though many users may have stayed with Windows XP, many others are
probable to run either Windows Vista or Windows 7 OS on their computers. This fix
increases the portability of Java3D and therefore Teamlink.
Another important fact that was found in preparations was that Java3D now requires
a graphics adapter capable of rendering OpenGL 1.3 or DirectX 9.0 or later. This causes
Teamlink to require a reasonably capable graphics driver which should not be a problem
on most computers. However, as introduced in the “issues raised” chapter, this may cause
problems in some situations where it is run on older hardware.
The last important finding was that the most recent version of Java3D requires Java
Runtime Environment (JRE) 1.5 or later, which will require an update of the JRE if Java3D
is to be updated.
1.2. Preparations for update: Tomcat 5.0.28 -> Tomcat 6.0.20
Even though Tomcat (http://tomcat.apache.org/) is not a technology that Teamlink is
directly dependent on, it serves as the Java servlet container which makes it possible to
host the Teamlink server and to interact with the hosted database. Other alternatives to
updating Tomcat was to install either JBoss (http://www.jboss.org) or Jetty (http://
www.mortbay.org/) both offering the same basic functionality to serve as a servlet
container.
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The latest version of Tomcat is only compatible with the Java Servlet Specification
version 2.5 while the currently used is only compatible with Java Servlet 2.3. So when
upgrading Tomcat this had to be taken into account.
Tomcat is in itself a Java application, requiring at least JRE 1.5, which also enforces an
update of Teamlink.
The latest version of Tomcat is also bundled with the correct version of the Java
Servlet Specification so no additional downloads are necessary.
1.3. Preparations for Update: Java Servlet 2.3 -> Java Servlet 2.5
Since not much was deprecated in the 2.5 version when updating from 2.3 not much
consideration had to be taken to this update. It was purely required due to the Tomcat
update. Some new methods and classes were made available but none of those are used
in the current implementation of Teamlink.
1.4. Preparations for Update: Java JRE 1.4.2 -> Java JRE 6.15
The most important update was to bring the Java Runtime Environment (JRE) up to
the latest version since it will most commonly be installed on computers as well as
support the largest number of applications. To enforce the installation of an older JRE may
sometimes be unacceptable on certain computers which make use of applications that
are dependent on the new features introduced in later releases. Java JRE 5 and 6
introduce many new features and performance upgrades to the overall Java environment
("J2SE 5.0 in a Nutshell; Java SE 6 in a nutshell; New Language Features for Ease of
Development in the Java 2 Platform, Standard Edition 5.0: A Conversation with Joshua
Bloch,"). Only one instance of deprecated code was introduced which will be covered in
section 2.1.

2.

Updating

After the preparation phase it was assumed that it would not be such a time
consuming project to update Teamlink and the decision was made to move forward with
performing the updates. The order in which to do this was as follows:
1. Java 1.4.2 -> Java 6
2. Java3D 1.3.1 -> Java3D 1.5.1
3. Tomcat 5.0.28 -> Tomcat 6.0.20 (includes servlet)
An extensive testing plan was executed after each step to determine the success or
failure of the update, (see “Testing template” section).
2.1. Updating to Java 6
Updating Teamlink to Java 6 required the Java 6 JDK (Java Development Kit) to be
installed and the program to be recompiled with the updated Java compiler. It also
required a reinstallation of Java3D and reconfiguration of Tomcat to instruct it to use the
Java 6 virtual machine.
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The update of Teamlink to Java 6 is considered successful by passing comprehensive
runtime testing (See Testing Template).
Due to the upgrade to 1.6 many warnings were introduced at compile time, mostly
from unsafe type declarations of hash tables and lists. This issue was considered minor but
if dealt with could improve both code readability and, to some degree, performance.
Dealing with this issue involves correctly initializing variables with the correct generic type
i.e. “List<Class> a_list = new List<Class>;” to replace the “List a_list = new
List;” and then remove all casts when the variables are accessed i.e. change
“(Class)a_list.getElement(i)” to “a_list.getElement(i)”.
The work required to fix this should be quite straightforward since all locations
where the fixes needs to be applied are logged as compiler warnings.
One of the warnings issued when compiled under Java 1.6 was that Thread.stop()
was deprecated. The reason for deprecation is that the use of Thread.stop() can lead
to ‘damaged’ objects and inconsistent behavior. Reasoning and a suggested solution can be
found on the official webpage ("Java Thread Primitive Deprecation,").
The amount of work required to fix this is deemed to be quite low since there is
only one occurrence of the issue which can be easily found by reading the warning output
when compiling Teamlink and if the suggested method ("Java Thread Primitive
Deprecation,") is used, it should be quite straightforward to correct.
2.2. Updating to Java 3D 1.5.1
The update of Java3D from version 1.3.1. to version 1.5.1 went well but introduced
new hardware requirements.
The updated Java 3D framework has higher requirements of the host computers,
requiring them to have graphics drivers properly installed (https://java3d.dev.java.net/). On
modern computer systems this should not be a problem but might be troublesome if
installed on old machines or systems with non-standard graphic drivers.
2.3. Updating to Tomcat 6.0.20
The Teamlink server was successfully updated to Tomcat 6.0.20 which includes an
update to the Java Servlet 2.5 specification.
With the update the servlet information was moved from the general tomcat
configuration file to the application specific configuration file as described by the
documentation at the Apache home page (http://tomcat.apache.org).

3.

Conclusions and Closing Remarks

By carrying out these updates, Teamlink is now compatible with the latest releases of
Java, Java 3D, Java Servlet and Tomcat but there are still issues that could be attended too
as a consequence of these updates. Apart from ensuring compatibility, there was no
perceived perceived gain in performance after these updates even though mentions of
this was found on different sources.
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One fix in the updated version of Java 3D is that there are no longer issues when
running applications on Windows Vista and Windows 7, This was never tested on the old
code but was registered as a fix in Java 3D version 1.5.1 so this if anything alone warrants
the time spent carrying out the upgrades.
The total time spent performing the updates, including preparatory work, was
approximately 3 workdays and dealing with all warnings" and issues reported within this
evaluation is estimated to take roughly 1-2 additional days of work.
As for implementing the new features of Java 5 and 6 a quite extensive overhaul of
the source code would be required and while this would be time consuming but it would
yield much in terms of source code maintainability.

4.

Testing Template

The following table lists the tests performed after each update described in the
previous chapters. After each update was applied, the application was run and put through
all the tests listed in the Test column. If the test was passed, a tick was made in the Pass
column in the corresponding row. The Configuration column describes the state of the
application when performing the tests. Each set of tests is delimited by a row in bold text.
Application startup
Pass?

Test
Splash screen is displayed immediately

Configuration
N/A

Splash screen is dismissed on click
Main form is displayed
Login dialog automatically opened
Main Form, Logged Out
Pass?

Test
Can select login (opening login dialog)
Can Show / hide / drag toolbars

Configuration
Application running with no user
logged in

Can Show “about” dialog
Can vies Play / inhabitants / sequence tabs
Can exit the application
Login Form, Logging in
Pass?

Test
Can select different servers
Offline server dislplay “No respons from server”
Invalid server timeout in 6 seconds
Online servers display “Server Online”
Login name lists all users on server
Can select a user
Can enter a password
List all projects on the server
Can select a project
Access level radio buttons updated on user change
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Configuration
Application running with login
form open

Access level radio buttons updated on project change
Radio buttons automatically change to first active option
Change Password available on server connection
Change password disabled on invalid server
Change password on server connection opens “change
password” dialog
OK button option enabled on server connection
OK button option disabled on server connection
Cancel button always enabled
Cancel button closes login dialog
On successful login: Username shown (status bar)
On successful login: Connection status shown (status bar)
On successful login: Play tab updated
On successful login: inhabitants tab updated
Login Form, Re-logging in
Pass?

Test
Can Open login screen
On New Login: Update Username (status bar)

Configuration
Application Running with a user
logged in

On New Login: Update connection status (status bar)
On New Login: Update Play tab
On New Login: Update inhabitants tab
Can cancel, no change to existing login
About box as popup. no user logged in
Pass?

Test
About dialog displayed when requested from menu
Graphics show correctly

Configuration
Application running no user
logged in

Client build version is shown
Server build version shown as “n/c” (no connection)
Dismissed when clicked on
Change Password, From login screen
Pass?

Test
Select Change Password opens “change password” dialog
Login name lists all users on server

Configuration
Application running with logging
form open, valid server selected

Can select a user
Can enter old password
Can enter new password
Can enter confirmation of new password
The “OK” button always enabled
Clicking “OK” attempts to change the password
Close “change password” dialog on successful update
Show “update successful” if password was updated
Displays errors and remains open if failing to update
password
All fields are cleared on failure
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Cancel button always enabled
Cancel button close the dialog
Change Password, Require password change on login
Pass?

Test
Change password form opens automatically
Login name lists current user
Cannot select other user
Can enter old password

Configuration
Application running with logging
dialog open, a valid server
selected. Login with a user that
requires password change at next
login

Can enter new password
Can enter confirmation of new password
OK button always enabled
OK button attempts to change current password
If successful change, dialog is closed
if successful change, confirmation message is displayed
If successful, login continues as normal
If unsuccessful change, display errors and remain open
If unsuccessful change, Clear all fields
Cancel button always visible
Cancel button close the dialog and login is aborted
Create new discussion thread as Guest
Pass?

Test
Option not possible

Configuration
Application running with guest
logged in

Create new discussion thread as ghost
Pass?

Test
Option not possible

Configuration
Application running with ghost
logged in

About box as popup -user logged in
Pass?

Test
About box displayed when requested

Configuration
Application running, user logged in

Graphics show correctly
Client version shown
Server version shown
Can dismiss on click
Change Password, when user logged in
Pass?

Test
Select Change Password Menu option is available
Select Change Password Menu Displays the Change
Password dialog
Login name lists all users on server
Currently logged in user automatically selected
Can select a user
Can enter old password
Can enter new password
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Configuration

Can enter confirmation of new password
OK button always enabled
OK button attempts to change current password
If successful change, dialog is closed
If successful change, confirmation message is displayed
If successful , login continues as normal
If unsuccessful change, display errors and remain open
If unsuccessful change, Clear all fields
Cancel button always visible
User profile screen Update user profile avatar configuration
Pass?

Test
Select Update user profile enabled
Show Update user profile dialog

Configuration
Application started with a user
logged in

Show Avatar as currently configured
Model combo show all modes
Model combo can select a model
Attribute combo shows all attributes for model
Possible to select an attribute
Color attribute shows
Option color control
Non-color attribute shows options in combo list
Color selection through color chooser possible
Color selection ‘cancel’ button does not change
Color selection ‘OK’ makes changes to avatar
Options combo shows all options for for the selected
attribute
Selecting an option updates avatar immediately
Cancel button closes dialog without making changes to
avatar.
Apply button, apply changes to the Avatar, dialog remains
open
OK button updates avatar and close dialog.
User profile screen update user profile personal details
Pass?

Test
Select update user profile
Update user profile is displayed

Configuration
Application started and user
logged in

Select Personal details tab
Field accept text: First Name
Field accept text: Last Name
Field accept text: Middle Name
Field accept text: Display Name
Field accept text: Email address
Field accept text: City
Field accept text: State
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Field accept text: Country
Field accept text: Notes
Notes field Word wraps
Notes field show scrollbar when multi-line
Gender shows: <other> / male / female
Time zones listed and selectable
Cancel button close dialog without making changes
Apply button make changes without closing dialog
OK button make changing and close dialog
Create new discussion thread as member
Pass?

Test
Can open new thread screen

Configuration
Application running with user
logged in as member

Screen opened as movable
Can enter thread name
Can enter description
Description field uses word-wrap
Description field uses scrollbar if multiline input
Scene combo lists all available scenes
Scene selection possible
Cancel button closes dialog without updates
New thread created on OK
New thread displayed in thread list
New thread created on OK with blank description
Dialog box resizing
Pass?

Test
Resizable but remain restricted by minimum: Login dialog
Resizable but remain restricted by minimum: new thread
dialog

Configuration
User logged in with member
access

Resizable but remain restricted by minimum: change
password
Resizable but remain restricted by minimum: update user
profile
Resizable but remain restricted by minimum: view profile
About box. not resizable
Application Framework, Menubar
Pass?

Test
Menu bar can be docked at either side
Menu bar can be floated
Menu bar CANNOT be closed
Double click changes between floating/docked
Menu bar can be resize when floating
Project Menu Item displayed: Login
Project Menu Item displayed: Logout
Project Menu Item displayed: Exit
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Configuration

View Menu Item displayed: Toolbars
View Menu Item displayed: Toolbars -> Standard
View Menu Item displayed: Toolbars -> Control Bar
View Menu Item displayed: User profile
View Menu Item displayed: 1st Person
View Menu Item displayed: 2nd Person
View Menu Item displayed: 3d Person
View Menu Item displayed: Map view
View Menu Item displayed: Zoom In
View Menu Item displayed: Zoom Out
View Menu Item displayed: Play
View Menu Item displayed: Stop
View Menu Item displayed: Previous Thread
View Menu Item displayed: Previous Sequence
View Menu Item displayed: Next Thread
View Menu Item displayed: Next Sequence
Tool Menu Item displayed: Create New Discussion Thread
Tool Menu Item displayed: Update Profile
Tool Menu Item displayed: Change Password
Help Menu Item displayed: What’s this
Help Menu Item displayed: About
Application Framework, Standard Toolbar
Pass?

Test
Toolbar can be docked at each side

Configuration
Application running

Toolbar can be floated
Toolbar can be closed (with x)
Toolbar can be shown / hidden from toolbars menu
Double click toggles between floating and docked
Toolbar can be resized when floating
Application Framework, Status Bar
Pass?

Test
Default text on Status bar = ‘Ready’

Configuration
Application running

Control hints shown for controls on mouse over
Current User shown and blank if no user
Connection status shown
Application Framework, Help -> What’s This
Pass?

Test
Right click any control and select “What’s This?”

Configuration
Application running

Hints displayed correspond to the correct tools
Selecting a hint Closes hint
Selecting application closes hint
Play Control Panel
Pass?

Test

Configuration
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Selecting a thread shows the threads details in steps view
Thread Name is shown

Application running, user logged
in, Play Tab selected.

Thread description is show
Thread Creator is shown
Selecting a sequence show the sequence in the steps view
The 3D scene displays the first step
Previous thread: selects previous thread
Previous thread: If no thread selected; select first thread
Previous thread: if on first thread, do nothing
Previous Sequence: selects the previous sequence
Previous sequence: if no sequence is selected, select first
thread
Previous sequence: if on first sequence do nothing
Next Thread: Skips to next thread
Next Thread: If no item selected; go to first thread
Next Thread: if on last thread; do nothing
Next Sequence: Skips to next sequence
Next Sequence: if no item selected; go to first thread
Next sequence: If on last sequence; do nothing
Play: Animates selected item
Play: Animation continues to next sequence automatically
Play: Stops to play when last sequence is played
Stop: Stop playing active animation
Selecting the Sequence control bar stops the animation
Selecting update user profile, stops the animation
Selecting View User Profile, stops the animation
While Playing: setting to 1st person
While Playing: setting to 2nd person
While Playing: setting to 3d person
While Playing: setting to Map view
While Playing: zooming works
Inhabitants Control Panel
Pass?

Test
The list shows all the members of the project
On all users: Name is displayed

Configuration
Application running, user logged
in, Inhabitants tab selected

On all users: Country is displayed
On all users: Current time is displayed
Double clicking a person brings View User Profile dialog
Sequence Control Panel
Pass?

Test
Only available to Guests and Members
All Threads in Project listed in thread combo
Require Title and Thread for new Sequence
Can Create new sequence
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Configuration
Application running User logged in
with Member access level

Camera centered if avatar not yet in scene
Camera track avatar if in scene
Can not enter emotion or message until step created
Steps work: ‘Appear’
Step Work: ‘Disappear’
Steps work: ‘Look
Steps work: ‘Walk’
Steps work: ‘Run’
Can deselect button: ‘Appear’
Can deselect button: ‘Look’
Can deselect button: ‘Walk’
Can deselect button: ‘Run’
Camera Tracks End of position of ‘Run’
Camera Tracks End of position of ‘walk’
Can add emotion to step
Can add message to step
Can cancel step
“Submit” button sends the step to the server
Playlist is updated with new sequences
Zooming works
Logging out cancels step creation
If guest access level, adds disappear step if not explicitly
added
Accelerator Control Keys
Pass?

Test
Ctrl + I, show login screen

Configuration
Application running, user logged in

Ctrl + L, show login screen
Ctrl + O, logs user out
1, select 1st person view
2, select 2nd person view
3, select 3d person view
4, select map view
+’, Zoom In
-’, Zoom Out
F1 shows ‘What’s This’ for current controls

87

REFERENCES
Al-Ani, B., & Redmiles, D. (2009). In Strangers We Trust? Findings of an Empirical Study of Distributed Teams.
Paper presented at the Fourth IEEE International Conference on Global Software Engineering,
Limerick, Ireland.
Assessment One, CMC: Experimental design activity, Collaborative Computing and Workflow (2006).
Unpublished Course Assignment. School of Computer & Information Sciences, Auckland University
of Technology.
Benford, S., & Fahlen, L. (1993). A spatial model of interaction in large virtual environments. Paper presented
at the European Conference on Computer-Supported Cooperative Work, Milan, Italy.
Benford, S., Greenhalgh, C., Rodden, T., & Pycock, J. (2001). Collaborative Virtual Environments: To what extent
is cyberspace really a space? Communications of the ACM, 44(79-85).
Bessière, K., Ellis, J. B., & Kellogg, W. A. (2009). Acquireing a proffessional "second life": problems and prospects
for the use of virtual worlds in business. Paper presented at the CHI 2009, Boston, MA, USA.
Bjørn, & Ngwenyama (2009). Virtual team collaboration: building shared meaning, resolving breakdowns and
creating translucence. Information Systems Journal, 19(3), 227-253.
Bordia, P. (1997). Face-to-face versus Computer-mediated Communication: A Synthesis of the Experimental
Literature The Journal of Business Communication, 34(1), 99-120.
Bradley, W. E., & Vozikis, G. S. (2004). Trust in Virtual Teams. In S. H. Godar & S. P. Ferris (Eds.),Virtual and
Collaborative Teams: Process, Technologies and Practice (pp. 99-113): Idea Group Publishing.
Cajander, Å., Clear, T., Daniels, M., Edlund, J., Hamrin, P., Laxer, C., et al. (2009). Students Analyzing their
Collaboration in an International Open Ended Group Project. Paper presented at the 39th ASEE/
IEEE Frontiers in Education, San Antonio, TX.
Carmel, E., & Sawyer, S. (1998). Packaged software development teams: what makes them different?
Information Technology & People, 11(1), 7-19.
Chalmers, M. (2001). Place, media and activity. ACM SIGGROUP Bulletin, 22(3), 38-42.
Chang, A., Duck, J., & Bordia, P. (2006). Understanding the Multidimensionality of Group Development. Small
Group Research, 27(4), 327-350.
Chase, N. (1999). Learning to Lead a Virtual Team. Quality, 38(9), 76.
Churchill, E. F., & Snowdon, D. N. (1998). Collaborative virtual environments: an introductory review of issues
and systems. Virtual Reality, 3(1, March, 1998), 3-15.
Ciolfi, L., & Bannon, L. J. (2005). Space, Place and the Design of technologically-Enhanced Physical
Environments. Spaces, 217-232.
Cisco virtual worlds Blog. Retrieved 3 December, 2009, from http://blogs.cisco.com/virtualworlds
Clear, T. (1999). A Collaborative Learning Trial Between New Zealand and Sweden - Using Lotus Notes
Domino™ in Teaching the Concepts of Human Computer Interaction. Paper presented at the
Innovation and Technology in Computer Science Education (ITiCSE), Crakow, Poland.
Clear, T. (2004). Global Virtual Teams: Moderating Behaviour in 3D Collaborative Virtual Environments. Paper
presented at the World Conference on E-Learning in Corporate, Government, Healthcare, and
Higher Education 2004, Washington, DC, USA.
Clear, T. (2007, Oct 17). Global Virtual Teams and 3d Collaborative Virtual Environments. Paper presented at
the SIENZ'07 - Software Innovation and Engineering New Zealand Workshop 2007, Auckland,
New Zealand: University of Auckland.
89

Clear, T., & Daniels, M. (2000). Using groupware for international collaborative learning. Paper presented at
the 30th Annual Frontiers in Education Conference, Kansas City, MO.
Clear, T., & Daniels, M. (2003). 2D and 3D Introductory Processes in Virtual Groups. Paper presented at the
33rd Frontiers in Education Conference, Boulder, CO.
Cohen, S. G., & Bailey, D. E. (1997). What Makes Teams Work: Group Effectiveness Research from the Shop
Floor to the Executive Suite. Journal of Management, 23(3), 239-290.
Cramton, C. D. (2001). The Mutual Knowledge Problem and Its Consequences for Dispersed Collaboration.
Organization Science, 12(3), 346-371.
Cuevas, H. M., Fiore, S. M., Salas, E., & Bowers, C. A. (2004). Virtual Teams as Sociotechnical Systems. In S. H.
Godar & S. P. Ferris (Eds.), Virtual and Collaborative Teams: Process, Technologies and Practice (pp.
1-19): Idea Group Publishing.
Cummings, L. L., & Bromiley, P. (1996). The organizational trust inventory (OTI): development and validation.
In R. M. Kramer & T. R. Tyler (Eds.), Trust in Organizations: Frontiers of Theory and Research (pp.
302-330): Sage Publications.
Dabbish, L. A. (2008). Jumpstarting Relationships with Online Games: Evidence from a Laboratory
Investigation Paper presented at the CSCW '08.
Dave Snowdon Homepage. Retrieved 10 September, 2009, from http://www.davesnowdon.com/
DeSanctis, G., & Gallupe, B. (1989). A foundation for the study of group decision support systems.
Management Science, 33(5), 589-609.
Devine, D. J., Clayton, L. D., Philips, J. L., Dunford, B. B., & Melner, S. B. (1999). Teams in Organizations:
Prevalence, Characteristics, and Effectiveness. Small Group Research, 30(6), 678-711.
Dourish, P. (2003). The appropriation of interactive technologies: Some lessons from placeless documents.
Comput Supported Coop Work, 12, 465-490.
Dourish, P. (2006). Re-space-ing place: "place" and "space" ten years on. Paper presented at the CSCW'06,
Banff, Alberta, Canada.
Ducheneaut, N., & Bellotti, V. (2001). E-Mail as habitat: an exploration of embedded personal information
management. interactions, 8(5), 30-38.
Ducheneaut, N., Wen, M.-H. D., Yee, N., & Wadley, G. (2009). Body and Mind: A Study of Avatar
Presonalization in Three Virtual Worlds. Paper presented at the CHI 2009, Boston, Massachusetts,
USA.
Edwards, A., & Wilson, J. R. (2004). Implementing Virtual Teams: A guide to Organizational and Human
Factors: GOWER.
Elizabeth Churchill Homepage. Retrieved 10 September, 2009, from http://elizabethchurchill.com/
Ellis, J. B., Luther, K., Besseiere, K., & Kellogg, W. A. (2008, Jan 11). Games for Virtual Team Building. Paper
presented at the Proceedings of the 7th ACM conference on Designing interactive systems, Cape
Town, South Africa.
Fiore, S. M., Salas, E., Cuevas, H. M., & Bowers, C. A. (2003). Distributed coordination space: toward a theory
of distributed team process and performance. Theoretical Issues in Ergonomics Science, 4(3-4),
340-364.
Fitzpatrick, G., Kaplan, S., & Mansfield, T. (1996). Physical spaces, virtual places and social worlds: a study of
work in the virtual. CSCW '96: Proceedings of the 1996 ACM conference on Computer
supported cooperative work.

90

Foot, G. R. (2001a). Developers Manual Teamlink Groupware Application. Unpublished Manual. Auckland
University of Technology.
Foot, G. R. (2001b). Functional Specification Project 7 - Cyber Icebreaker. Auckland University of Technology.
Foot, G. R. (2001c). Project Proposal, Project Number 7, Cyber Icebreaker. Unpublished Project Proposal.
Auckland University of Technology.
Frécon, & Nöu (1998). Building distributed virtual environments to support collaborative work. VRST '98:
Proceedings of the ACM symposium on Virtual reality software and technology.
Gartner Says Enterprises Must Get Control of Their Avatars. Retrieved 1 December, 2009, from http://
www.gartner.com/it/page.jsp?id=1201413
Gaver, W. (1992). The affordances of media spaces for collaboration. Proceedings of the 1992 ACM
conference on Computer-supported cooperative work, 17-24.
Gibson, C. B., & Gibbs, J. L. (2006). Unpacking the Concept of Virtuality: The Effects of Geographic
Dispersion, Electronic Dependence, Dynamic Structure, and National Diversity on Team
Innovation. Administrative Science Quarterly, 51, 451-495.
Gibson, W. (1984). Neuromancer: Ace Hardcover; 20th edition (November 2, 2004).
Godar, S. H., & Ferris, S. P. (2004). Preface. In S. H. Godar & S. P. Ferris (Eds.),Virtual and Collaborative Teams:
Process, Technologies and Practice: Idea Group Publishing.
Google Wave introduction video. Retrieved 28 November, 2009, from http://wave.google.com/help/wave/
about.html#video
Gully, S. M., Joshi, A., Incalcaterra, K. A., & Beaubien, M. J. (2002). A Meta-Analysis of Team-Efficacy, Potency, and
Performance: Interdependence and Level of Analysis as Moderators of Observed Relationships.
Journal of Applied Psychology, 87(5), 819-832.
Guzzo, R. A., Yost, P. R., Campbell, R. J., & Shea, G. P. (1993). Potency in Groups: Articulating a Construct. British
Journal of Social Psychology, 32, 87-106.
Harrison, S., & Dourish, P. (1996, Nov 1). Re-place-ing space: the roles of place and space in collaborative
systems. Paper presented at the CSCW '96, Boston, Massachusetts, United States.
Hart, R. K., & McLeod, P. L. (2002). Rethinking Team Building in Geographically Dispersed Teams: One
Message at a Time. Organizational Dynamics, 31(4), 352-361.
Hogg, M. A. (1992). The social psychology of group cohesiveness: from attraction to social identity. New York:
New York University Press.
Holton, J. A. (2001). Building trust and collaboration in a virtual team. Team Performance Management,
7(3/4), 36-47.
J2SE 5.0 in a Nutshell. from http://java.sun.com/developer/technicalArticles/releases/j2se15/
Jäkälä, M., & Pekkola, S. (2007). From technology engineering to social engineering: 15 years of research on
virtual worlds. ACM SIGMIS Database, 38(4 (November 2007)), 11-16.
Jarvenpaa, S., & Ives, B. (1994). The Global Network Organization of the Future: Information Management
Opportunities and Challenges. Journal of Management Information Systems, 10(4), 25-57.
Jarvenpaa, S., & Leidner, D. (1999). Communication and Trust in Virtual Teams. Organization Science, 10(6),
791-815.
Jarvenpaa, S. L., Knoll, K., & Leidner, D. E. (1998). Is Anybody Out There? Antecedents of Trust in Global Virtual
Teams. Journal of Management Information Systems, 14(4), 29-64.

91

Java SE 6 in a nutshell. from http://www.builderau.com.au/program/java/soa/Java-SE-6-in-a-nutshell/
0,339024620,339266522,00.htm
Java Thread Primitive Deprecation. Retrieved 1 November, 2009, from http://java.sun.com/j2se/1.4.2/docs/
guide/misc/threadPrimitiveDeprecation.html
Jones, E., & Nisbett, R. (1972). The actor and the observer: Divergent perceptions of the causes of behavior.
In E. Jones, D. Kanouse, H. Kelley, R. Nisbett & S. Valins (Eds.), Attribution: Perceiving the Causes of
Behavior (pp. 79-94). Morristown, NJ: General Learning Press.
Katzenbach, J. R., & Smith, D. K. (1993). The Wisdom of Teams: Creating the High Performance Organization.
Harvard Business School Press.
Klein, C., DiazGranados, D., Salas, E., Le, H., Burke, C. S., Lyons, R., et al. (2009). Does Team Building Work?
Small Group Research, 40(2), 181-222.
Kramer, R. M., & Brewer, M. B. (1986). Social group identity and the emergence of cooperation in resource
conservation dilemmas. In H. Wilke, C. Rutte & D. M. Messick (Eds.), Experimental studies of social
dilemmas (pp. 205-234). Frankfurt, Germany: Peter Lang.
Lane, M. T., & Ågerfalk, P. J. (2009). Experiences in Global Software Development - A Framework-based
Analysis of Distributed Product Development Projects. Paper presented at the Fourth IEEE
International Conference on Global Software Engineering, Limerick, Ireland.
Lindsley, D. H., Brass, D. J., & Thomas, J. B. (1995). Efficacy-Performance Spirals: A Multilevel Perspective.
Academy of Management Review, 20(3), 645-678.
Lipnack, J., & Stamps, J. (2000). Virtual Teams: Reaching Across Space, Time and Organizations with Technology
(2 ed.). New York: John Wiley and Sons. Inc.
Mansour-Cole, D. (2001). Team Identity Formation in Virtual Teams. In M. M. Beyerlein (Ed.),Virtual Teams: JAI.
Martins, L. L., Gilson, L. L., & Maynard, M. T. (2004). Virtual Teams: What Do We Know and Where Do We Go
From Here? Journal of Management, 30(6), 805-835.
Mathieu, J. E., Goodwin, G. F., Heffner, T. S., Salas, E., & Cannon-Bowers, J. A. (2000). The Influence of Shared
Mental Models on Team Process and Performance. Journal of Applied Psychology, 85(2), 273-283.
Mathieu, J. E., & Rapp, T. L. (2009). Laying the Foundation for Successful Team Performance Trajectories: The
Roles of Team Charters and Performance Strategies. Journal of Applied Psychology, 94(1), 90-103.
McCarthy, J. F., Farnham, S. D., Patel, Y., Ahuja, S., Norman, D., Hazlewood, W. R., et al. (2009). Supporting
community in third places with situated social software. C&T '09: Proceedings of the fourth
international conference on Communities and technologies.
McConnell, J. J. (2006). Active and cooperative learning: further tips and tricks (part 3). SIGCSE Bulletin,
38(2), 24-28.
McDonough, E., Kahn, K., & Barczak, G. (2001). An Investigation of the Use of Global, Virtual and Collocated
New Product Development Teams. The Journal of Product Innovation Management, 18(2),
110-120.
McGrath, J. E. (1991). Time, Interaction and Performance (TIP): A Theory of Groups. Small Group Research,
22(2), 147-174.
McGrath, J. E., & Hollingshead, A. B. (1994). Groups Interacting With Technology: Ideas, Evidence, Issues, and
an Agenda. Thousand Oaks: SAGE Publications.
Mead, G. H. (1934). Mind, Self, and Society. Chicago, IL: University of Chicago Press.

92

Millward, L. J., & Kyriakidou, O. (2004). Effective Virtual Teamwork: A Socio-Cognitive and Motivational Model.
In S. H. Godar & S. P. Ferris (Eds.), Virtual and Collaborative Teams: Process, Technologies and
Practice (pp. 20-34): Idea Group Publishing.
Mitchell, A., & Zigurs, I. (2009). Trust in Virtual Teams: Solved or Still a Mystery? The DATA BASE for Advances
in Information Systems, 40(3), 61-83.
Moore, R. J., Gathman, E. C. H., & Ducheneaut, N. (2009). From 3D Space to Third Place: The Social Life of
Small Virtual Spaces Human Organization, 68(2), 230-240.
MPK 20, Sun Virtual World. Retrieved 3 December, 2009
Neustaedter, C., & Fedorovskaya, E. (2009). Presenting identity in a virtual world through avatar
appearances. Paper presented at the Graphics Interface Conference 2009, Kelowna, British
Columbia, Canada.
New Language Features for Ease of Development in the Java 2 Platform, Standard Edition 5.0: A
Conversation with Joshua Bloch. from http://java.sun.com/features/2003/05/bloch_qa.html
Nisbett, R., Caputo, C., Legant, P., & Marecek, J. (1973). Behavior as seen by the observer. Personality and
Social Psychology, 27(2), 154-164.
Nunamaker, J. (1997). Future Research in Group Support Systems. International Journal of HumanComputer Studies, 47, 355-356.
O'Leary, M., Orlikowski, W., & Yates, J. (2002). Distributed Work over the Centuries: Trust and Control in the
Hudson's Bay Company, 1670-1826. In P. Hinds & S. Kiesler (Eds.), Distributed Work. Cambridge,
Massachusetts: MIT Press.
O'Reilly, C. A., Caldwell, D. F., & Barnett, W. P. (1989). Work Group Demography, Social Integration, and
Turnover. Administrative Science Quarterly, 34, 21-37.
Olson, G. M., & Olson, J. S. (2000). Distance Matters. Human-Computer Interaction, 15, 139 - 178.
Pahuru, A., & Shorter, D. (2004). Cyber Icebreaker Project Proposal. Unpublished Project Proposal. Auckland
University of Technology.
Pekkola, S. (2002). Critical approach to 3D virtual realities for group work. Nordic Conference on HumanComputer Interaction, 31(Proceedings of the second Nordic conference on Human-computer
interaction), 129-138.
Piccoli, G., Powell, A., & Ives, B. (2004). Virtual teams: team control structure, work processes, and team
effectiveness. Information Technology & People, 17(4), 359-379.
Prasolova-Førland, E. (2008). Analyzing place metaphors in 3D educational collaborative virtual
environments. Computers in Human Behavior, 24 (2008)(2), 185-204.
Preece, J. (2000). Online Communities: Designing Usability, Supporting Sociability. Chichester: Wiley.
Raahauge, K. M. (2008). Transit Space: No Place is Nowhere. Knowledge, Technology & Policy, 21(3), 125-130.
Scearce, C. (2007). 122 Ways to Build Teams (2:nd ed.): Corwin Press.
Shorter, D., & Pahuru, A. (2005a). End of Phase Review Experimental Phase. Unpublished Project Review.
Auckland University of Technology.
Shorter, D., & Pahuru, A. (2005b). Experiment Report Experimental Phase. Unpublished Report. Auckland
University of Technology.
Shorter, D., & Pahuru, A. (2005c). TeamLink Project - Review II. Unpublished Project Review. Auckland
University of Technology.

93

Steinkuehler, & Williams (2007). Where Everybody Knows Your (Screen) Name: Online Games as "Third
Places". 1-26.
Stephenson, N. (1992). Snow Crash: Spectra (May 2, 2000).
Stoner, J. (1991). The House of Montisi. Places, 7(2).
Thorpe, S. (2009 - Submitted for examination). Enhancing the Effectiveness of Online Groups: An
Investigation of Storytelling in the Facilitation of Online Groups. Unpublished PhD. Auckland
University of Technology.
Tuan, Y. F. (1977). Space and place: The perspective of experience: Univ Of Minnesota Press (February 8,
2001).
Tuckman, B. W. (1965). Developmental sequence in small groups. Psychological Bulletin, 63(6), 249-272.
Tuckman, B. W., & Jensen, M. A. C. (1977). Stages of small-group development revisited. Group &
Organization Studies, 2(4), 419-427.
Venkantesh, V., Morris, M. G., Davis, G. B., & Davis, F. D. (2003). User Acceptance of Information Technology:
Toward a Unified View. MIS Quarterly, 27(3), 425-478.
Virtual worlds come to life at IBM Retrieved 2 December, 2009, from http://domino.watson.ibm.com/comm/
pr.nsf/pages/news.20070416_virtualworlds.html
Vita: Joseph Edward McGrath. Retrieved October 1, 2009, from http://www.psych.uiuc.edu/~jmcgrath/
McGrath_vita.html
Woodcock, B. S. (9 April, 2008). MMOGCharts Retrieved november 19, 2009, from http://
www.mmogchart.com/
Yoo, Y., & Alavi, M. (2001). Media and group cohesion: relative influences on social presence, task
participation, and group consensus. MIS Quarterly, 25(3), 371-390.
Zornoza, A., Orengo, V., & Peñarroja, V. (2009). Relational capital in virtual teams: the role played by trust.
Social Science Information, 48(2), 257-281.
Zyda, M. J., Pratt, D. R., Monahan, J. G., & Wilson, K. P. (1992). NPSNET: Constructing a 3D virtual world. Paper
presented at the Symposium on Interactive 3D Graphics, Cambridge, Massachusetts, United States.

94

